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THE NORTH-POLAR COVER OF COLD AIR 
PRELIMINARY RESULTS FROM THE MAUD EXPEDITION! 


By H. U. Sverprup 
In charge of scientific work of the expedition 


It is a well-established fact that in mean latitudes the 
temperature of the air on a calm and clear day in winter 
is lowest close to the ground and increases with increasing 
altitude, With weak wind the same inversion may, be 
found, but with strong wind the temperature generally 
decreases with altitude. The explanation is that the low 
winter temperatures of the air are brought about by 
cooling from below. and by contact with the surface, 
which loses heat by radiation. On calm days, or days 
with very weak wind, a temperature inversion is thus 

nerated, but with stronger wind the temperatures in 


the lower layers of the atmosphere are smoothed by the 


forced mixing caused by. turbulence, and the normal 
decrease of temperature with altitude is established. 

According to Simpson,? these conditions are very 
marked at the border of the Antarctic Continent. Simp- 
son explains the great and rapid increase of the tempera- 
ture at the surface, which every wind there brings as the 
result of the forced mixing of the lower layers. All 
temperature observations used by Simpson were obtained 
by balloons on calm days and show an inversion beginning 
at the ground, but the very rapid increase of pry lve 
which accompanies every wind is evidence that the air 
becomes intermixed up to great altitudes by the wind. 

Over the Polar Sea different conditions are encountered. 
Here every wind generally brings also an increase of 
temperature, which undoubtedly is due to the forced 
mixing of the air directly above the ice, but this eins 
never reaches any great altitude and is generally confine 
to a layer of a thickness under 200 meters. In the present 
paper the temperatures will be discussed which were 
observed in the lower layers of the atmosphere over that 

art of the Polar Sea traversed by the Maud during the 
t from A t, 1922, to August, 1924. 

The discussion will be confined to the results from the 
coldest months, November.to. March, which were spent 
during both years in about 75° north latitude and between 
155° and 175° east longitude. 


_ The change of temperature with altitude diréctly above 


the ice was determined by a resistance thermometer 
Placed at the crow’s nest 32 meters above the ice and read 
simultaneously six times daily with the readings of the 
thermometers in the meteorological screen 5 meters above 
the ice. The free-air temperatures were all detérmined 
by means of instruments carried by kites, and thus give 
information above the temperature-distribution duri 

Wind only. It must be emphasized here that all numeri- 


‘Capt. Roald Amundsen’s ship, the M intentionally forced into the drift ice at 
Wrangel Island, drifted for two years with the ice fields north of the Siberian coast, 
ba was icebound one year at Bear Islands, 800 miles west of Bering Strait. 

British Antarctic Expedition, 1910-1913, Meteorology. Vol. I, on. 
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cal values are preliminary and may be slightly changed 
by the final reduction of the observations. 

According to the readings of the thermometer at the 
crow’s nest, the temperature increases with altitude in 
winter during calm weather or weak winds. Selecting 
only the cases when “calm”’ was entered in the records 
and when the thermometers were read, it is found that 
the temperature at the crow’s nest was higher than in the 
screen in 39 of 56 cases during the periods November to 
March. The mean values are: Screen, t= —32°4 C.; 
crow’s nest, t= —31°7 C. During wind the temperature 
decreases generally in the first 50 to 200 meters above the 
ice, but this decrease is then followed by a very rapid 
increase. The first layer, where the temperature de- 
creases, will be called the cold layer, and the second layer 
with rapid increase will be called the inversion layer. 
Above the latter the temperature generally increases 
slowly or remains constant to an altitude of 500 to 1,500 
meters, where a new decrease begins. In the periods 
mentioned 66 kite ascents were made, but in six cases the 
altitudes reached were too low to reveal the characteristic 
features which have been described. In the remainin 
60 cases the various layers were always well defined, an 


from the results of these ascents the following mean 


values have been derived: 


Temperature at the ice, —28°4 C. 
Thickness of cold layer, 136 meters. 
Decrease of temperature within cold layer, ‘°—0°5 C. 
Thickness of inversion layer, 136 meters. 
Increase of temperature within inversion layer, 6°1 C. 
Temperature difference, *1,000—-*0, C. 
Temperature difference, *1,500-*1,000, —1°4 C. 
_ Temperature difference, 2,000—*1,500, —2°3 C. j 


The last three differences have been derived from the 


ascents during which 1,000, 1,500, or 2,000 meters were 


reached. The mean velocity of the wind at the ice was 
5.0 m/sec. The mean vertical distribution of the tem- 
perature with this wind velocity can, according to the 
above values, be represented by the following figures: 


Altitude, (meters) 0 136 272 1,000 2,000 


Tem rature 


2804 —28°9 —22°8 +20°3 —24°0 
‘In Figure 1 this mean temperature-distribution during 


“wind in the cold season is represented graphically. The 


mean teffiperatures during calm weather are also entered 


‘in this figure by means of the broken line, supposing 


the temperatures above 272 meters to be the same. 
It may be remarked that the latter curve has exactly the 


same appearance as the mean curve obtained from five 


ascents with captive balloons during calm, cold weather 
at Cape Chelyuskin in 1910. a 
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The increase of temperature with altitude in calm 
weather represents nothing unusual, but the character- 
istic feature met over the region of the Polar Sea here 
dealt with is that the mixing of the air by wind evidently 
does not reach great altitudes. The altitude up to which 
the temperature decreases represents the limit to which 
the air is intermixed, and the mean value of this altitude 
is only 136 meters. In 52 of 60 cases this altitude was 
less than 200 meters, and in no case more than 650 meters. 

From the temperature observations alone it can, there- 
fore, be concluded that no great exchange of air takes 


2000 
m. 


1500 


1000 


500 
0 


-35 - 30 -25 -20 -15°C. 


Fia. 1.—Mean temperatures, November to March 
From kite ascents 
On calm days 


place between the cold layer directly over the ice and the 
warmer air above it, because such exchange should re- 
sult in a smoothing of the temperatures, which never has 
been observed. is means that the cold layer close to 
the ice represents air which, to a great extent, is isolated 
from the free atmosphere. 

The relations between wind velocity and temperature 
at the ice and the character of the cold layer have been 
examined by computing the following correlation factors: 


Ty At Teym Try Ar 
Value_..___ +040 4008 +4015 +4002 —0.33 


The indices have the following meanings: v, wind 
velocity at the ice; m, thickness of cold layer; t, tem- 
perature at the ice; At, difference between the highest 
temperature observed above the inversion layer and tem- 
perature at the ice. This difference will be called the 
amount of the inversion. 

The correlation between the wind velocity and the 
thickness of the cold layer is the largest, and the positive 
sign shows that the thickness of the cold layer generally 
increases with increasing velocity of the wind. This re- 
sult is in agreement with the conception that the decrease 
of temperature within the cold layer is due to the forced 
mixing caused by the rough surface of the ice. With 
increasing wind this forced mixing increases, and the tem- 
perature decrease prevails to greater altitudes. These 
conditions are represented schematically in Figure 2, 
where the temperature above the inversion layer is sup- 
posed to remain constant and the branches 1, 2, and 3 
represent the conditions during calm, moderate wind, 
and strong wind, respectively. 
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If the conditions were as simple as represented in this 
figure, it should be expected that (1) the temperature at 
the ice would increase with increasing velocity of the 
wind, (2) the amount of the inversion would decrease 
with increasing velocity of the wind, (3) the temperature 
at the ice would increase with increasing thickness of the 
cold layer, and (4) the amount of the inversion would 
decrease with increasing temperature at the ice. The 
various correlation factors have, according to the above 
compilation, all the expected signs, but are small, except 
the last. It may here be added that the correlation 
factor between wind velocity and temperature undoubt- 
edly would be larger if it were to represent all conditions 
and not only the conditions during the kite ascents. In 
the present case the primary temperature increase due 
to the mixing (transition from 1 to 2 or 3 in fig. 2) does 
not enter. 

The circumstance that only the last factor is so large 
that it may be regarded as representing an actual cor- 
relation, seems to indicate that this correlation is con- 
nected with conditions which hitherto have been left out 
of consideration, gp tape | the duration of the wind. A 
small exchange of air probably takes place between the 
cold layer and the warmer air above. If the wind con- 
tinues to blow during a long period, the other conditions 
remaining unaltered, the temperature of the cold layer 
must rise on account of this small exchange and the 
amount of the inversion consequently decrease. Thus 
a correlation between the named quantities is brought 
about which is independent of the velocity of the wind. 

An examination of the cases in which kite ascents were 
made on consecutive days during which the direction of 
the wind was approximately the same, confirms this 
view. There are eight of these cases resulting from 16 
ascents. In five cases the wind was increasing and in 
three decreasing, and it is found that increasing wind 
corresponds to increasing thickness of the cold layer and 
decreasing wind to decreasing thickness, but the tem- 


h 


t 


2—Effect of wind on vertical temperature distribution—1, during calm; 3, dung 
moderate wind; 3, during strong 


perature at the ice is generally higher on the second day 
and is independent of the change in thickness of the cold 
layer. This is evident from the following mean values: 
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From the results of the 16 ascents here considered, the 
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TaBLe 1.—Summary of temperatures (t) and wind velocities (v) for 


following correlation factors have been computed: observations at different altitudes (h) 

rym ® | rnd Group I, altitude less than 100 meters Group II, altitude 100 to 200 meters 

i previously stated, only the first and the last are so Wind velocity 
. correlations. The first must be ascribed to the increased 

second, to the small exchange of air which takes place | o| 47 0 |. —29.2 0 | 55 
between the cold layer and the warmer air above. This | | wae | 
exchange, however, never seems to be so large or to last | 
so long that the air becomes intermixed to great altitudes 620-770. | 9.6 34) | 600-750 | 141 38 
. and the cold layer disappears, because such conditions a 

ps have not been observed. From Figure 3 it is seen that the changes in tempera- 


The conclusions regarding the exchange of air between 
the various layers are confirmed by a study of the change 
of wind direction and velocity with altitude. The wind 
observations from the free atmosphere were obtained b 
means of pilot balloons after the one-theodolite method. 
This method is not entirely satisfactory, particularly for 
a study of the wind close to the ground, but, as the 
results from the pilot balloons were in perfect agreement 
with the experiences regarding the wind conditions 


ture and wind within each group have the characteristic 
features which were described above. The inversion 
layer, which has been set off in the figure, acts evidently 
as a sliding surface below which the wind velocities are 
small on account of the resistance offered by the rough 
surface of the ice and above which the wind has the 
character of gradient wind. . This circumstance alone is 
evidence that no considerable exchange of air takes place 
between the lower cold airand the upper warmer air. 


eral to 
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Fig. 3.—Mean values of temperature and wind. Left: Thickness of cold layer less than 100m. Right: Thickness of cold layer 100 to 200 m. 


gained during the kite ascents, they can be regarded as 
trustworthy. , The. simultaneous in. tempera- 
ture and wind were studied from several cases in which 
& pilot. balloon was observed shortly before or after a 
It, is generally found that the wind velocity increases 
slowly in the lower part of the cold layer and that the 
direction turns. slowly. to.the right, At the boundary 
between the cold layer and the inversion layer there is a 
Very rapid increase of the wind.velocity and a rapid 
turning of direction to the night, The velocity generally 
teaches a maximum within the inversion layer, and above 
the, velocity as well as the, direction of the wings 
tfemains constant,, on the average, through severa 
The cases.in. which the wind and the temperature- 
nges were observed practically simultaneously have 
been divided into two groups.according to the thickness 
of the cold layer, the first. containing the cases in which 
thickness was less than ,100 meters and the second 
those in which it was between 100 and 200 meters. The 
hean values of temperature, wind velocity, and turning 
of wind direction referred to,the direction at, the ice are 


‘atered for various altitudes,in Table 1 and represented 


staphically in Figure 3. 


The exchange of mass between the various layers can, 
however, be examined more closely by a study of the 
turbulence. It is well established that the change of the 
wind with altitude in the vicinity of the ground depends 
upon the turbulence, for which the coefficient of turbu- 
lence is a measure. is coefficient is proportional to 
the mass of air which per square and time unit is ex- 
changed between two adjacent layers, and thus gives 
direct information regarding the santity. in which we 
are interested at present. has developed 


formulas which permit computation of the coefficient of 


turbulence from the change of the wind with altitude 
supposing either the barometric gradient or the gradient 
wind is known. In the present cases the wind at 500 
meters may be regarded as representing the gradient 
wind, and: the of turbulence can thus be com- 
uted by means of the data contained in Table 1. The 
ollowing mean coefficients have been found within the 
two groups for the cold layer and the inversion layer; 
for sake of comparison, the corresponding value for the 
layer 0 to 500 meters derived from observations from 
‘Central Europe ? has been added. 

1 Uber die innere Reibung in der Atniosphire. Ann. Hydrogr., Berlin, v. 47, 1919 


119). j 
Sverdrup. Die Reibung in der Atmosphiire. Veréf. d. Geophys 
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Central 
Group I Group II Europe 
Cold |Inversion} Cold /| Inversion 0-500 
layer layer layer layer 
0.9.8 | C.g.8 C.¢.8. C.g.e. | C.9.8 
Coefficient of turbulence, 9........ { 100 { 


From the above it is seen that the coefficient of turbu- 
lence is greater within the cold layer, where the value is 
of the same order of magnitude as found over land in 
mean latitudes, but within the inversion layer the co- 
efficient in both cases has only one-tenth of the normal 
value. According to this result, no great exchange of 
air can take place between the cold layer and the upper 
warmer air. 

The observations with pilot balloons were far more 
numerous than the kite ascents, and according to them 
the change of wind with altitude has always the same 
character if the velocity at the ice is greater than 3 to 4 
m./sec. The turbulence, that is, the exchange of air, 
therefore must have generally the character which was 
found above, and the wind observations thus confirm 
the conclusion which was drawn from the temperature 
observations only. 

Our results apply directly to the vertical temperature 
distribution over the region of the Polar Sea between 
155° and 175° east longitude and in 75° north latitude, 
but there are reasons for believing that the same con- 
ditions are typical over the whole Polar Sea. Grouping 
the results of the kite ascents according to the direction 
4 a wind at the ice, we obtain the values given in 

able 2. 


TaBLE 2.—Characteristics of cold layer for various wind directions 


Wind from— 
Characteristic 
NW.-NE.| NE.-SE. | SE.-SW. | SW.-NW. 
Thickness of cold layer.............-. 156 120 131 166 
Amount of +694 +994 +694 +596 
Mean wind velocity at ice........... 4.6 5.1 4.8 5.4 
Mean temperature at ice_............ —2.0 —28.3 —28.6 —29.3 


The thickness of the cold layer is smallest during east- 
erly winds, when the amount of the inversion is greatest. 
As the mean wind velocity and temperature at the ice 
are approximately the same in all groups, this result is 
he ed independent of the correlations previously 

ound. 

The fact of greatest interest at present is, however, that 
the character of the vertical temperature distribution is 
independent of the direction from which the wind blows, 
and this is evidence that the same conditions prevail over 
wide areas. This is confirmed by the results of several 
ascents with captive balloons and kites performed at 
Cape Chelyuskin (77° 32’ north latitude, 105° 40’ east 
longitude) in the spring of 1919, and by the results of 
kite ascents made during the winter 1924-25 off Bear 
Islands (70° 43’ north latitude, 162° 25’ east longivnae), 
which all show the same features. Considering the uni- 
form character of the meteorological conditions over the 
Polar Sea, it seems justified, therefore, to draw the final 
conclusion that the whole Polar Sea in winter is covered 
by a thin layer of cold air which, to a great extent, is 
isolated from the warmer air above. In calm weather 
or during weak winds the temperature above the ice 
increases rapidly with altitude because the air is cooled 
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from below. Under these conditions there is no definite 
transition from the cold to the warmer air, and no 
Ht of mass takes place between the cold air at the 
ice and the warmer air above. During stronger winds 
the cold air is intermixed, and the temperature decreases 
to an altitude which generally increases with increasing 
velocity of the wind but seldom surpasses 200 meters, 
The cold air is then separated from the warmer air 
above by a sharp layer of inversion through which a small 
exchange of air takes place. 

The temperature distribution during wind, which has 
been described here, can prevail over a vast lain like the 
Polar Sea, but not over a continent, where the differences 
in elevation cause forced vertical movements which 


finally must result in a complete smoothing of the tem- 
peratures in the lower part of the atmosp and the 
4000 
m. 
5000 
2000 
1000 
-50 -40 -30 -20 -10°C 


disappearance of the cold layer developed on calm days. 
This effect of the wind, which explains the conditions 
observed at the borders of the Antarctic Continent, has 
been illustrated by Simpson in a figure which has been 
reproduced in Figure 4. The thick curve represents the 
vertical temperature distribution during cold, calm 
weather as found by balloon observations from Cape 
Evans, curves (a) and (b) representing the assumed 
distributions during moderate and strong 
winds. For comparison, curves 1 and 2 ee 
the mean temperatures during calm and during a wind 
of 5 m./sec. over the part of the Polar Sea phage 
the Maud, have been entered as broken lines. The dil- 
ferent character of the conditions above the Antarctic 
Continent and the Polar Sea is evident. Pye 
We have here dealt only with the conditions in winter. 
The cold layer over the Polar Sea is, however, develo 
in the fall ‘and prevails during the greater part of the 
spring, thus existing through the major part of the year. 
n July and August a corresponding layer of cold air 1s 
developed, at least over the region traversed by the 
Maud and south of it. In these months the ice is melting 
and the temperature of the air directly above the ice can, 
therefore, never deviate considerably from 0° C., but 
above an altitude of 150 to 200 meters the mean tem- 
perature according to the kite ascents seems to be higher, 
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partly on account of convection and partly perhaps on 
account of direct absorption. 

A consequence of these conditions is that a number of 
the meteorological elements observed at the ice show 
periodic and unperiodic changes which are of a — local 
character because they take place within the cold layer 
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directly above the ice. ‘This cireumstance seems to be of 
fundamental importance for the understanding of many 
of the meteorological conditions over the Polar Sea, and 
will be taken into account.in the fuller discussion of the 
meteorological observations of the expedition. 


METEOROLOGICAL CONDITIONS IN THE BURASIAN SECTOR OF THE ARCTIC 


summary of the data and conclusions Karl Schneider, A. L. Brei' M. Robitzsch, R. A.W , and K. W , in“ 
[A ns presented by — venga “ Stiring egener egener, The airship as a means 


By Burton M. 
(Weather Bureau, Washington, D. C., November, 1925] 


It is perhaps not widely known in this country that an 
organization called the International Society for the 
Study of Arctic Exploration by Means of Airships is 
actively wigeged in working toward a solution of this 

roblem. It 1s composed of some 80 European scientists, 
including Jeading oceanographers, geog- 
raphers, geologists, and polar explorers. . Fridtjof 
Nansen is its president. There were, at the time the 
memoir here summarized was oe (October, 1924), 
one American member and no lish. 

The problem of air navigation in the Arctic is essen- 
tially a meteorological one. Hence some 18 pages of the 
60-page memoir are devoted to summarizing the perti- 
nent available meteorological data, with special reference 
to the Asiatic sector. Cloudiness and fog, and wind 
directions, together with the controls over them, receive 
major attention. 

oudiness and fog.—For the area north of 80° the only 
cloud data are from the traverse of the Fram in 1893-1896 
from near the mouth of the Lena River to Tromsé in 
northern Scandinavia. The mean values are set out in 
Table 1. pid indicate clearly a summer maximum of 
cloudiness, and the fact that the period of the long night 
had somewhat less than half of the summer amount of 
cloudiness. 

Fog, while showing a summer maximum, was never- 
theless nearly absent throughout the autumn, winter, and 
spring. 

TABLE 1 


Jan, | Feb, | Mar.| Apr.| May | June | July | Aug. | Sept.) Oct. | Noy.} Dee. | Year 


66) 5.7) 7.2] 8&5 8&2) 64) 3.7 6,2 
Days with fog 

0 0 2 1| af" af oh 16 10 5 1 0 67. 


The intensity of development of clouds, fog and precipitation 
* * * is, for the polar regions proper, very limited. According 
to the Fram observations the monthly amounts of precipitation 
were about 3 mm., although in one my, e case in July there 
wasafallof20mm.inaday. * *. * ere is no month without 
snowfall. Rain falls mostly from May to September only, in any 
case in those areas which lie far from the open sea. The snow cover 
grows during the course of the winter to a very heavy mass through 
€ condensation of atmospheric moisture on its surface, the tem- 
perature of which is mostly below that of the air. This form of 
recipitation it is not possible to measure. Rime and hoarfrost, on 
¢ other hand, while found on a few days, in general are observed 
only in limited quantity and in regions near the sea. Hoarfrost as 
We observe it in Europe, is to be classed among the rarities in the 
tic, because the water content of the atmosphere, on account of 
€ low temperature, is so much smaller. e danger of an ice 
deposit on a traveling airship is therefore less likely than in Europe. 
airship journey in the Arctic summer seems, therefore, as far as 
meteorological factors are concerned, not seriously more diffi- 
cult than a similar trip in the European winter. 


, Oct. ureau 
from the Gesellschaft fiir hrdieunde, 


For the border region of the Arctic in the Eurasian 
sector, cloudiness data are presented in Table 2 (Franz 
Josef Land and Spitzbergen), and in the large table at 
the end of this paper appear data for the five months 
March—July at 19 stations covering various periods 
(mostly less than 5 years) from 1 to 33 years. The 
distribution of these stations is shown in Figure 1. 


> 


Malye Karmakouly, 
androvsk 


Fic. 1.—8tations represented by data in Table 8. 


TABLE 2 


Jan. | Feb. | Mar.| Apr.| May| June | July | Aug. | Sept.) Oct. | Nov. Dee. | Year 


Franz Josef Land 
5.2] 5.2] 53 8.2 8.1 za| 6.6 


Spitzbergen 
6.4) 63) 61 7.3) 7.8 8.0 


2.9] 7.8| 7.8 6.1 | 7.3 
j 


So far as cloudiness is concerned, Franz Josef Land 
and Spitzbergen are dreariest in summer, with little to 
choose between them. In midwinter, however, while 
cloudiness at Franz Josef Land has declined to about 5, 
at Spitzbergen, nearer the open sea, it has decreased only 
to 6. These data are for cloudiness without respect to 
altitude of the clouds. At Dickson Harbor, in longitude 
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about 80° E. at the mouth of the Yenesei River, pilot-bal- 

loon ascents were madein 1917 between January 12and Au- 

gust 31. They throw light on the me tere od of cloudiness 
t 


above certain altitudes at that point in the sector, as follows: 
TABLE 3 
May= 

Jan.-Apr. 

Per cent Per cent 
No ascents on account of bad weather_--..-..... ........---... 14 42 
Measurements of ballon OF 25 24 


The most striking facts age Table 3 are (1) that 
during the period January-April flights were either 
omitted or reached but a half kilometer of measurable 
altitude only one-quarter of the time, and that they made 
better than 2 kilometers of measurable altitude half the 
time; and (2) that the May—August period was quite the 
worst on the score of bad weather andlowclouds, only 18 per 
cent of the flights being measurable beyond 2 kilometers. 

For the general conditions in the region farther west, 
we have some evidence from Alexandrovsk (longitude 
about 34° E.) in the large table at the end of this paper, 
showing that the period March-April, 1909, was one of 
bad weather with much cloudiness and rain, though with- 
out winds of storm velocity and without fogs. This 
short period may or may not have been representative. 
It is at least suggestive. 

Prevailing winds.—Since these will. be the atest 
factor in determining an air route from western Europe 
across the polar basin to the west coast of North America 
and the east coast of Asia, a knowledge not only of the 
general features of the pressure distribution and the 
resulting winds but also of the cyclonic and anticyclonic 
changes of wind and weather are of prime importance. 

On the coasts of northern Asia the winds are strikingly regular. 
This rim of the polar basin may be briefly described as an area 
of dominating monsoon winds, This appears with great clear- 
ness at almost all the north coast stations, at which in the winter 
months the southerly. winds prevail, indicating the outflow. of 
air from the central Asiatic hyperbar, while-as.early as the spring 
months a profound change in the distribution of the winds takes 
place in such a manner that now northerly and northeasterly 
winds predominate. Clearly, the wind conditions of the Asiatic 
side give the impression of a marked monsoonal development. 

Evidence of the existence of these monsoons at the sur- 
face in the Arctic fringe isgiven on the basis of fourstations 
in the Eurasian sector and onein the North Americansector. 


TaBLe 4.—Wind frequencies in percentages 


N.| NE.) E. | SE.| 8. W. nw. Calms| 
Franz-Josef’s Land 
Winter__._..... 14} 21 7 1 1 12 29 
ON REE 6 8| 20; i2 3 3 7 9 32 
8 6/ 13) 12 4 4/12 8 23 
Autumn. ...... 12; 17| 2 5 2 2 5| 13 22 
Sagastyr (mouth of the Lena R.) 
1 3 8; 19; 23) 19); 13 6 8 
Spring. ........ 3 7| 2) 10 16 8 6 
13} 30) 17 5 6; ll} 10 1 
6 6; 10; 12} 14] 18] 12 1 


Taste 4.—Wind frequencies in percentages—Continued 


Ustjansk (East Siberia) 
Winter 1 1 6; 18}; 22) 26 2 8 
14} 18 |) 23 9 3 10. ll 
Pitlekaj (Chukchi Peninsula) 
Waneer..;i::... 29 7 7 3 7 6; 5| 2 10 
20; 12 9 4| 14; 19 12 5 


Point Barrow (Alaska) 

| SW.-W.| NE-E. 

m| i} 7] 7) 3) 16 


The vertical extent of the monsoons is important, but 
the only existing data on this point, are not. sufficient to 
form a basis for conclusions. They. are the summary 
of pilot-balloon observations above Dickson Harbor, 
shown in. Table 5. The monsoon is, of course, not 
iearig since the data, cover both summer and winter 
months. 


TABLE 5.—Percentage distribution of high-altitude winds above 
Dickson Harbor (after P, Moltschanoff) 


Height (km.).-.... 1 2 3 4 5 
17 16 19 13 19 
SE.. 23 24 li 8 12 
33 39 41 42 

Number of cases._.| 37| 26 


Cyclonic winds in the Arctic,—According to the Fram 
observations, the average mazimum wind velocity in the 
polar basin proper was scarcely over 10 m./sec.; onl 
very seldom were velocities over 15-18 m./sec. observed. 
= brief, the basin appears.to be. practically storm 
ree. 

Cyclones appear to be phenomena of the rim of the 
basin rather than of its interior, penetrating the basin 
but infrequently. What are the wind velocities in this 
border region ? 

For the sector which includes Spitzbergen, Franz 
Josef’s Land, and Nova Zembla one may usually count 
on the region being overlaid with a low-pressure circula- 
tion. We have data (in the large table at the end of 


this paper) for Alexandroysk and Maly Karmakuly 


showing for the earth’s surface mean wind forces (Beau- 
fort) ranging from 3.2 to 7.5, with calms at the latter 


‘station (on Nova Zembla, 33 years) ranging 13 to 


17 per cent of the time. With respect to the winds aloft, 
data are presented in Table 6 for maximum wind velocl- 
ties up to 5,000 meters over Spitzbergen in the summer 
half (April-September) of the years 1912-1913. “They 
show that the lowest maximum velocities occurred not 
at ground level but at. some elevation less than 1,000 
meters (12 m./s. at 500m.) 
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TaBLE 6.—Mazimum wind velocities over Spitzbergen, summer half, 
years 1912-13 


Altitude........} 0 500. 1,000 1,500 | 2,000; 3,000; 4,000; . 5,000 
Velocity (m./s.)....... 20; 2 18 16 20 16 24 2 


This point is of interest in connection with the question 
of the Stipe thickness of the polar cap of surface cold 
air, to be referred to later. In general, then, this sector 
of the rim does not appear to be excessively windy. 
This is in spite of the fact that, so far as they have been 
mapped, the traveling rp in this region have notice- 
ably steep gradients. It is pointed out that allowance 
must be made for the great poleward increase in the 
deflective force of the earth’s rotation and the conse- 
quent decrease of the gradient wind, as shown by Table 7. 


Taste 7.—Gradient wind ii relation to pressure gradient 
and latitude. 


Wind in m/s.) 
Pressure gradient. ............ 0.5 1.0 1.5 2.0 2.5 3.0 
Latitude: 
9.3 18.6 27.9 87.2 
6.3 12.7 19.0 25.4 31.7 38.1 
5.0 9.9 14.9 19.8 24.8 29.7 
4.2 8.3 12.5 16.6 20.8 24.9 
3.6 7.3 10.9 14.6 18.2 21.9 
im 3.4 6.8 10.8 13.6 17.0 20. 4 
nt 3.3 6.5 9.8 13.0 16.6 19. 5 
3.2 6.4 9.6 12.8 16.0 19.2 


That is to say, in the Arctic strong pressure gradients produce 
only moderate winds. In the climatological observations of the 
German Spitzbergen Observatory [is found] an illustration of this 
in the fact that a pressure change is not always correlated with a 
great increase in wind velocity. In October, 1912, the monthly 
minimum pressure (737.7 mm.) was observed about 60 hours 
ahead of the monthly maximum (772.3 mm.). The surface wind 
in connection with this change amounted to 8 Beaufort (deter- 
mined by the value 14-16 ae while the velocity at 4,000 meters 


altitude only rarely exceeded 20 m/s. 


There is a distinct seasonal difference in the behavior 
of the 5 ma centers after they leave Europe on their 
eastward journey. In the colder season those remnants 
of cyclones which manage to get permed Europe move 
mostly north of the Asiatic coast, from the region of 
Barent’s Sea, proceeding thence slowly eastward to 
Bering’s Strait, on account of the: dominance of the 
Asiatic high pressure. They intensify the coastal south- 
west winds which are the winter monsoon flowing from 
this high pressure. The summer cyclones move mostly 
over the northern part of the continent (hence not over 
the polar basin proper) and serve to intensify the easterly 
and northerly winds which are the summer monsoon 
flowing from the relatively high pressure in the polar 
area toward the relatively low pressure over Asia. 

At all seasons, from this polar storehouse of cold air, 
come the quasi-periodic southward thrusts of that air 
which, operating in conjunction with warm air streams 

m more southern latitudes, serve to energize existing 
cyclones or to produce new ones. 

Weather charts for the polar region.—It is not practicable 
to reproduce here the five series of synoptic weather maps 
‘Presented in the paper under consideration. These 
charts are based on the observations made during the 
international polar year 1882-83, and are of particular 
Interest because it appears that of the many manuscript 
charts drawn on the basis of these observations only a 
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very few have ever been published.? The five series are 
based on the North Atlantic charts referred to in the 
footnote, plus data from 21 high-latitude stations, includ- 


ngeors stations all but one of which are north of 70°. 
polar cold cap.—Evidence is presented by the 
authors to show that in all probability the cap extends 
to no great height above sea level: 


Disregarding the thermal influence, atmospheric pressure must 
decrease * * from the Horse Latitudes toward the pole. 
The cold due to radiation, however, causes a collecting of cold air in 
the lowest atmospheric strata within the polar region proper. The 
equatorward boundaries of these cold air masses at the earth’s 
surface Bjerknes has called the polar front. * * * This polar 
front does not extend symetrically about the pole. In the transi- 
tion months the center of gravity of the cold air cap lies somewhere 
between the North Pole and the North American Archipelago, 
corresponding to the larger land masses there present. We have 
here on a large scale the same features as those shown on a small 
seale by the weather situations over every Arctic Archipelago, 
such, for example, as those shown for Spitzbergen by Kurt Wegener. 
According to that view the island produces a local high-pressure 
area which overrules the effects of the general | aesraer distribution, 
and clearly reveals itself by causing its own characteristic weather 
conditions. The wind blows from the interior through the fjords 
to the sea. The general movement of the air along the coasts is 
anticyclonic; and corresponding to this, the surface movement of 
the ocean aiso is anticyclonic, which consequently maintains the 
west coasts ice free, in contrast to the other coasts. Some aerolog- 
ical data will serve to make this clear, which we take from the dis- 
cussion of G. Rempp and A. Wagner, “Temperature conditions 
over Spitzbergen” (publications of the German observatory in 
Spitzbergen). They present the temperature distribution on the 
occasion of several ascents. 

On the ascent of the 8th of March, 1912, which took place within 
the zone of influence of a low pressure area, a cold stratum ex- 
tended to some 200 meters above the earth’s surface; during a 
transition weather t on the 15th of — it extended to only 
about 100 meters. Even on the ascent of March 23, 1923, when 
surface temperatures were much higher, the cold surface stratum 
extended to some 300 meters. * * * 

A similar condition holds for the polar ‘“‘anticyclone.” Aerolog- 
ical records will probably confirm the fact of the slight vertical 
extent of the cold-air masses. As a corollary to this, it is likely 
also that the low-pressure areas of the far north extend to but a 
moderate height, and that their progression depends only upon 
the temperature conditions on their two flanks. In these regions 
the effectiveness of the general west-wind drift is inferior to that of 
the kinetic energy derived from the juxtaposition of air masses 
having different temperatures. That is, we must conclude that 
the velocity of progression of cyclones in the Arctic is less than in 
lower latitudes. Experience confirms this conclusion. 

In harmony with this forward motion, the cold air in coastal 
cyclones over northern Asia must originate in the polar basin 


proper, while the warm air from the southwest, energized by the 


strong cyclonic activity in the region of Greenland, Franz Josef’s 
Land, and northern Scandinavia, streams thence eastward along 
the coasts. The storehouse of cold for these low-pressure areas is 
* * * not the “Asiatic center of action.” 


Discussion.—It is of interest to compare the altitudes 
of the 7" of the cold stratum on various occasions, 
given in the above quotation, with the U aymenan > height 
at which occurs the minimum of wind velocity over 
Spitzbergen (Table 6). The figures point to the inference 

at this zone of minimum wind may correspond to that 
of transition from the polar cold cap (believed by the 


? Charts for the ist and 2d of February, 1883, after A. H. Hazen, are to be found in the 
Hann-Siiring third edition of the Lehrbuch der Meteorologie; for March 8 and 9 as a sup- 
ment to the Observation of the Lady Franklin Bay Expedition, and for April 30 to 
ay 3, 1883, in Edouard Vincent’s On the march of barometric depressions of the Arc- 
tic polar region from the month of September 1882 to the month of August 1883. 
Academie Royale de moe. Classe des Sciences, Memoires, Deuxiéme Serie, III, 
Brussels, 1910. Vincent evidently drew daily charts for the whole of the inteznational 
lar year, but published only those noted. The most complete published charting of 
results of this year’s observations are the “Synchronous weather charts of the North 
Atlantic and the adjacent continents for every day from August 1, 1882 to August 31, 
1883, published under the authority of the Meteorological Council,’’ London, 1236. 
These charts extend only to 70° north latitude, but are especially valuable on account of 
the ship observation from the North Atlantic. 
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authors to be very thin) to the overlying body of warmer 
air. Detailed knowledge of the conditions and changes 
in altitude of the zone are of considerable importance. 
If the assumption be correct that the polar cap averages 
but a very few hundreds of meters thick (and ‘the aero- 
logical results cited leave little opportunity for doubt 
on that score), the question arises as to whether the 
southward displacement of such very thin slabs of cold 
air could function adequately in the Snenyeing, of cyclones 
in the manner described by the authors. There seems 
to be a difficulty in harmonizing this view with that 
recently expressed by Simpson to the effect that when 
displacements of polar air take place they appear to 
involve not only the whole thickness of the polar tropo- 
sphere but part of the polar stratosphere as well. 

If the reviewer’s inference from the early part of the 
above quotation is correct, the idea expressed is that the 


Bjerknes polar front is the front of the very thin layer of 


cold air described. Now, the evidence in Table 6 points 
to the existence at the top of the cold layer, of a distinct 
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boundary surface between this cold layer and the rela- 
tively warm layer above. That similar conditions 
exist north of northeast Asia also is shown by Doctor 
Sverdrup in the preceding paper in this issue of the 
Montsty WeatTHer Review. He “points out that 
there is little rea of an interchange of air between 
the lower cold layer and the upper “warm’’ one. It 
would appear, then, that the polar cold-surface stratum 
exercises a quite secondary function in the mechanism 
of polar cyclones and anticyclones. It may be regarded 
as a lubricant between the rough earth’s surface (ice 
surface) and the air streams in these cyclones and anti- 
cyclones. Doubtless when an outbreak of polar air 
pushes the polar front into lower latitudes, the thin 
surface layer participates in the movement to some 
extent. But one finds it difficult to believe that its cold 
front is the cold front. The observed depth of polar 
air streams on the occasion of outbreaks of polar air 
. — latitudes seems entirely against such a view.— 


Tasie 8.—Eztract from observations on the north coast of Russia (L. L. Breitfuss) 


Temperature Wind Days with— 
Precip- 
Mean | Max. | Min. Storms! Fog Erecip-weath- weath- mm.) 
Velocity!) N. |NE.| E. | SE.| | SW.| W. |NW.| Calm 
Alexandrovsk, 1909*....| March..| —8.6 | +1.8 |—20.8 3.2 6 0 1 5| 80; 10 1 0 2| 0 0 14 1 nS 13.4 
April__..| —6.0 | +2,5 |—-19.8 4.2 2 7| 39 2) u 4 0 0 20 5 24.9 
ay....| +0.6 | +88 |—10.2 41/ 27 6 8 1] 15 3/ i} 16 6| 2 0 24 0 B.0 
June..._| | —0.6 45) 26 8 9 10 4 4} 22 1} 0 0 21 1 38.0 
|+26.9 | +27 3.3}. 41 3 8 1 2 41° 16 0 
Malye Karmakouly | March._|—15.1 | +0.9 |—36.1 7.5 5 2] 2] 12 9 4 3 6.7 | 188 
1876-1909. April... —10.3 | +5.7 |+31.5 7.4| 10 6; 18] 19 9 5 4 16} 9 12 7.3 
ay...) —4.4 |+13. 2 |—23.5 15 8 9} 8.1 7.9 9 
June....) +1, 1 —7.4 49/ 18 12 7 9 7) 18 SBP 82) 17.0 
July_...- +6.4 |+22.1 | —9.6 62/ 12 6] 16] 16 7 8 8} 12 7.6) 31.0 
Jaly:....| +7.0 |+24.0 5) 5) 12) 10] { 
Jugor Schar, 1914-1917. .| March__|—21.0| 0.0 7| 2 5 5 4 -|. 6 
--.-| —9.0 | +3.0 6| 27 5 2 4 2 
July.....|-+10. 0 |4+-26.0 5 15 6 2| 2 22 
Obdorsk, 1891-1900_____ March. .|—16.7 | +3. 2 |—47.4 44 9| “4 5 7) 2 5 41 47)-03} 70] 46) G2] 65 
—9.9 | +8.9 |—33.2 4.8 8| 19 5 7 20}; 44/07) 57] 43 11.6; 63 6.7 
July_....|-+14. 2 |-+29.6 | +0.7 5.0; 12| 22 9 5| 10] 10] 10 11! 33/09} 98) 23] 141] 7.1) 
Pp phna, | March. .|—19.3 | —4.5 |—-34.5 5.0 9 4 8} 10] 17 6 3 3 6.5 
1883% (in southern April... 12.4) +1.7 |+321 5&7 9 4 3 4] 15 8 7 2 254, 5.6 
ay....| | +3.0 |—28.4 49 18 5 9 2 3 3 13 7 7.5 
June....| —0.5 | +3.2 | —6.4 16 7 6 5 2 13 9 7 
July... +1.7 | -24 4,8 15] 18 7 4 2 39 24 8.8 
Steamship St. Anna, | March._|—22.6 | —6.2 |—39.0 21 4 22 16 5 4 7 17 
1913 tween lat. | April....| —8.6 | +6.2 |—25.0 13 13 17 10 13 13 ll 8 
71°-77° E.). June....) +3.0 |+20.0 | +1.2 9 3 8 13 4 22| 22 18 
Dickson, 1916-17........| March_./—27.2 | |—41.0 |... mui 7] wis} 23.1.1 144 4 13 67} 22 
April. | +0.1 |—36.4 18] 1] O| 8 6| 9 | 8 | 10 7 15 6.4 
ay....| —46 | +23 |-12.1 2| 3| 19| 14] 22] 8 5| 12.1.9 12 0 40 9.8}. 
June....| +08 | 3) 14] 8| 9] 16] 8| 0 |22 | B 0 97) 18 
Muly...| +6.2 |+19.0| —1.7 22; 4] 56] 6| 5 20 16 0 27 9.2} 301 
Doudinka, 1912-1914....| March. _|—28.8 | —4.6 |—46.0 6.2 9 wl 1} 12 16| 4 3 8 ll 6 5.1 
April_...|—13.0 | +0.2 |-36.1 7.5} 19] 20 4 10 9} 10 ll} 8 1 15 6 ll, | 65 
ay..-.| 7.7| 17) 6| 61] 10] 15] 9 s |2 | 6 1 19 
+4 4 |+17.5 | -6.8 68) 14] 9| 16) 8) 8} a2} a2] 4} | BOP 
July_....+10.8 |+18.9 | 41.9 7.2 si. 6 1a9 | o | | a7! @ 
1 Wind velocities in m/s. 


? Precipitation refers to the year 1908. 


* Observations of wind velocity, days with cloud and days with precipitation are from the steamship Varna, which at this same time was drifting in the Kara Sea. 
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TaBLE 8,—Eztract from observations on the north coast of Russia (L, L. Breitfuss)—Continued 
Temperature Wind Days with— 
j Cloud 
Stations Month Frequency oud-| itation 
Precip-| Clear | Cloudy| | (in 
Mean| Max. | Min. |Storms) Fog | weath- 
Velocity | N; | NE.| | SE.| 8. |.SW.| W. |NW.| Calm 
(Taimyr Coast near | April....|—18.8 | +1 8 |~35. 4 4| 1B 4 18 
Cape Wild, 75° 40° | May_..-| —7.0 | 44.7 |—15.0 Of whom] wy) aml 0 21 
N., 91° 25’ B,). une_...| +1.4 |+10,2 | —3.9 271 10}. 4) 41.6! 6] 4 14 3 16 
Sagastyr, 1882-1884. _...| March. .|—34.3 |~18.6 |—47. 5 a7) wep wi 14 02 
April....|-21.6 | —4.3 |-37.4 52} 31 4} 7} ab} 2] 10 5.3; 06 
ay....| —9.6 | +3.3 |—27.3 6.2 5 9 23 16 q 9 15 ll 3 2 7 TCR eae 7.7 5.0 
June...-| +0.0 |-+12.5 |—12.6 68} 4) 27| 19| 7] 6] 15] 10 1} 4 i119 
July... +4.9 |4121 | -0.2 &9| 16| 2] 37] 18} O| O| o| 8 8 |18 7.6} 69 
Bulun, March ..|~30.1 |~12. 4 |—42.6 “Se 4 8 10 5.8} 29 
ay...-| —4.6 | +7.5 |-23.3 £3). 1] 1] i 2 13 
0 |-+26.4 | —4.6 4) aes 9| 7 i 13 
July_...-|+15.6 |-+26.9 | +2.9 8| 7) 4) wl 7 3 15 7.2| 23.8 
Kazatchtie, 1901-1905....| March..|—26.5 | —6.0 |—46.8 wl wl eis 3 371 
ay...-| —5.0| +89 |—28.5 39} 9) 9| 2] 15] 6] 4] 13] 15 9} 0 | 4 8 12 63} 8&3 
June..--| +7.1 |-+27.6 | -6.8 9) 7] 2] i1| 3] 10] 18 32 | | 22 4 14 6.9} 2268 
July....-|+10.4 |4+26.5 | —0.8 9| 6) 8] @ [a0 3 15 7.41 29.9 
Steamship Sarja, 1902 | March. .|~32.7 |~24. 6 |—40.1 21. 18] 65] 16) 1] 1] 
Siberia Island, 75' ay....|—11.0 —0.9 |—22.0 43 14 14 20 8 ll 3 4 12 M6 
Rousskoe Oustle, 1895- | March. .|—81.0 |—14.1 |-48.6 as] 18] 6] 2| a] wi] 4] 2 o 6 | 14 4 78 
1903. April....|-21.9 | —3.0 |-44.8 29}, 4) 10] 3] 37] 12] 6]. 1 | 0 4 341 33 
June...) |4+-29.6 |=11.7 0} 14] 5] 5] 10 7| 2 2 17 7.7| 27.0 
July....-|4+10.8 |4-28.5 | —1.2 10| 8| 2] 9} 8] 12 9} 2 | 0 | 12 3 15 7.0| 29.7 
Nizhne Kolymsk, 1901- | March. .|—27/1 | —0.8 |—48.6 12) 6] wi iio 8 | 10 4 40} 47 
1905. April..-|=15. 4 | +2. 2 |-38.0 8 | 10 7 46| 61 
ay....| |+15.4 |—31.3 67] 6 6 7 5.41 63 
June. ---/-+10.1 |+25.0 | —0.8 34/15) 9] 30] 2] 9] 7] 8] 12 5 5.3| 17.5 
July... +121 |-+26.7 | +0.4 10] 19] 7] 12 6| o | 1 | 12 4 10 343 
Pitlekai, March. .|—21.6 | —4.2 |-39,8 |........-. 6| 13| 8| 7] 5.1 
June....| —0.6| +68 7 2} 14) 2] 3] 16 


THE EFFECTS OF A LIGHTNING STROKE 


N. Ernest Dorsry 
[National Research Council] : 


On the night of Sunday, September 13, a tulip ‘tree 
(Liriodendron tulipifera) in the yard of All Saint's 
Chapel, Annapolis Junction, Md., was struck by light- 
ning. It was examined the next morning. the 
following day it was inspected very carefully and photo- 
graphs were taken. Other photographs were taken 
and inspections were made from time to time, for the 
purpose of confirming or of extending the memoranda 
eps made. e case is of considerable interest, 
as the effects produced give quite clear evidence of the 
direction of the stroke, and show that it was delivered 
to very restricted areas at points not over about 8 feet 
from the ground. 

Some rain had fallen earlier in the evening; it is not 
known pasitively whether it rained much after the 
stroke, but the appearance, the next morning, of the 
pound in the corner by the steps (G, fig. 1), and the 
act that leaves and dirt were s oieregeis 3 to the wall 
of the tower (fig. 6) indicate that it probably rained 
but little after the stroke. 

he prominent objects in the neighborhood of the 
tree are shown in Figures 1 and 2. cepting a one- 
story concrete building about 60 feet to the east, there 
1s no other tree or other prominent object to the west, 


north, or east within 200 yards of those shown in Figure 
1.. On the south there are trees, but the nearest is 75 
feet distant. The group shown in Figure 1 is essentially 
isolated. The | eprom is nearly level to the south, west, 
and north, and slopes gradually downward toward the 
east. 
The tree which was struck is A; it was 47 feet high, 
‘and 6 inches from the ground it had a girth of 49 inches. 
It stands between a 56-foot tower (wood, stone founda- 
tion, no lightning rod) and three other trees of approxi- 
mately its own height; of these, two are of the same 
kind as itself. The highest and most exposed tree in 
the yard is B; it was not damaged in the least. The 
stroke ignored both B and the tower, passed in a vertical 
lane between © and D, each about 47 feet tall, and 
Finally struck A about 8 feet from the ground. The 
most distant splinters were found at K and L; they 
were small. Small splinters were on the roof of tlic 
chapel, one was sticking in the frame of the door. The 
only large section torn from the tree lay at E; it was 
14 feet long, and was bent about as indicated (see also 
fig. 7). At}, was a splinter 11 feet long, and 0.5 by 1.5 
inches in section. With the ras of a 4-foot splinter 
which was caught in the branches, and which will be 
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mentioned again, the other splinters thrown off were 


small. Circles indicate the overhang of the branches . 


of C and D. 

Figure 3 is a view looking up and slightly to the east 
of southeast. At 5 feet from the ground, the splintered 
portion of the trunk lay in the angle HAI (fig. 1), its 
vertex was 4 inches from the northwest surface of the 
tree. Notice that the blazed portion did not extend to 
the top of the trunk. It had a very definite upper 
limit, 27 feet from the ground. The entire appearance 
of the damage suggests that the center of violence lay 
somewhere between the upper and the lower arrow— 
that is, between 12 feet ns § 3 feet from the ground. The 
standing splinter to the left (upper arrow) was 12 feet 
long, and 6 feet from the ground it had an are of 4 inches; 
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.—Plan of surroundings of tree A which was struck by ligh on September 
13, 1925. Trees are denoted by crosses; tulip trees are marked with a T; numbers indi- 
cate height. Fuel shed is 6 feet high. ched area is a brick walk. Splintered 
segment lay in angle HAI, near ground the vertex was 4 inches below surface 


sides of wedge’ were 3.5 inches; some grass and dirt 
were on its upper end on Tuesday morning. At the 
level of the central arrow is a knot hole in the trunk, 
where a branch has been broken off and pulled out. 
On the upper side of the hole, a sliver from the branch 
still projected from the trunk; it can not be distinguished 
in the figure. At the lower arrow, notice a splinter which 
has been split and bent into the form of a T. This is 
a valuable reference object: which will appear in other 
es, and to which we shall have occasion to refer. 
e shall call it the ‘‘ T splinter.” The black, weathered 
ends of several stubs of branches, which had become 
inclosed by the trunk, may be seen. 4 
Figure 4 is a view looking upwards and to the north- 
west; it shows the split in the unsplintered portion of the 
trunk. The split lay in the vertical :plane through 
AJ (fig. 1). e extreme top of the split was near 
the top of the blaze, about on the level of the boy’s head; 
he is 4 feet 8 inches tall. The lower 30 inches of the 
trunk was unsplit. The two. sides -had merely been 


1 The cross-sections of all splinters have roughly the shape of truncated the 
bounding lines approximately coinciding with growth rings and radial lines. The di- 
mensions are given in terms of the of the outer arc and the average thickness 

the two bounding radial lines. 
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bowed -— beyond the elastic limit of the wood. The 
blunt end of the cross of the T splinter is seen projecti 
across the top of the frame of the door; just below its en 
is seen the end of a small splinter which was caught in 
the frame of the door. 

— 5 is a view looking slightly north of east. The 
rod ana against the tree is 4 feet long. Note the 
large standing splinters; also the small ones which have 
been driven out from the interior and broken down, and 
which are now firmly clamped between two of the stand- 
ing splinters. At the upper arrow is the top of tho 
T splinter. At the lower arrow and in the interior 
may be seen the upward pointing end of a reflex 
sliver which is attached to the farther of the two up- 
standing splinters. This sliver was one inch wide, 0.5 
inch thick, and 28 inches long, and was attached to the 
standing splinter at a point 54 inches from the ground. 

At 5 feet from the ground, the standing splinter had an 
are of 3 inches, sides of wedge were 3 inches. In order 
for the sliver to be able to fly clear of the standing trunk 
so as to be caught and bent into an angle of 30°, as shown, 
this splinter must have been blown out to a considerable 
distance from the vertical. If its deflection was such 
that it was bent into an arc of a circle tangent to the 
vertical at the ground, then the radius of that circle 
could not have been greater than 4 feet, and the chord 
joining the base of the splinter to yg of attachment 
of the sliver must have made with the vertical an angle 
of over 30°. 

Along the edge of the unsplintered portion of the 
trunk, extending from the central arrow to the ground, 
there was a strip of bark 0.75 inch wide which had been 
frayed out as if whipped by the wind. It lay along 
a crack. From its lower end, and in the plane of the 
crack, there was a shallow furrow in the ground. The 
furrow was an inch in diameter and about 11 inches long. 
With the exception of two insolated frayed areas and four 
small punctures, this frayed strip was the only portion of 
the bark which was damaged escopt by a purely mechan- 
ical tearing. The four punctures will be described in a 
later paragraph. 

One of the isolated areas of ee bark was on the 
southwest side of the tree, not far from the frayed strip; 
it was 1 inch broad and 5 inches high; its lower end was 
29 inches from the und. The other was on the 
unsplintered segment of the trunk, in the plane of the 
split (AJ, fig. 1); it was 2 inches broad and 6 inches high; 
its lower edge was 3 inches from the ground. The trunk 
was not split under either of these areas, but the sapwood 
was discolored, and there was a central area which 
presented a porous appearance, but in which no hole 
nor crack was found, though a sharp probe was used. 

In the plane of the split (AJ, fig. 1) and beginning 11 
inches from ‘the unsplintered side of the tree, there is 8 
superficial hole in the ground; its opening was 1.5 inches 
in diameter; it was traced for a distance of 18 inches, and 
was nowhere more than 2.5 inches below the surface. 
Just beyond the brick walk, in the corner by the steps, 
about 15 feet from the tree, there was another hole 
about the same size and lying nearly in the same plane; 
it was even more superficial than the one on the other 
side of the tree; its opening was directed towards the tree. 
A little to the northeast of the hole first mentioned, and 
6 inches from the trunk, there was a vertical hole 1 inch in 
diameter and 2 inches deep. It is believed that all three 
are burrows made by animals or insects; it may be the 
loose material initially at their entrances was suck 
out by the electrostatic field attendant upon the 
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charge, but it seems improbable that they are otherwise 
related to the stroke. , | 

Figure 6 is interesting in showing how small. leaves 
and dirt were spattered over'the south side of the tower, 
to a height of 9' or 10 feet; none was on the east side. 
The ground‘in this corner, between the steps and the 
wall, gave no evidence of more than very superficial dis- 
turbance, but that disturbance was pronounced; the 
grass and débris had the appearance of having been 
combed upwards: The disturbed area was entirely 
within the (28 48 inches) between the’steps 
and the wall (G, fig. 1). Only a few small splinters were 
found in this corner.) 

Figure 7 shows 'the only large section which was torn 
from the tree. ‘It was bent as shown at 
E (fig. 1), convex toward the bark; the lower end was 
tothe east;’the bend lay 20 feet from the tree.’ From 
‘the bend to the lower end was about 6 feet. ‘This portion 
points about 30° to the right of the camera; thé branch 
projecting from it and seen lying ‘in front of the steps is 
the one which came from the knot hole at the central 
arrow of Figure 3; its junction with the section was 
‘about’ feet fromthe bend. Neither end of thissection 
dug into the ground; the condition of the ground and 
the appearance of the dirt adhering to the bend clearly 
‘jndicated that the«section struck upon the bend. The 
‘section must have been so’ bent before it left the tree. 
_ Figure 8 shows the bend of the large section shown in 
‘Figure 7; the section has been readjusted so as to obtain 
a more suitable view; the upper end extends to the left. 
Notice how the fibers have beew crumpled. © An examina- 
tion of the: bend showed that the two portions of the 
section had been driven together, crumpling and crushing 
‘the fibers. As the section struck upon the bend, this 
damage must have occurred before the section left the 
tree. 

Figure 9 shows the broken butt of the limb projecting 
‘fromthe lower portion of the section shown in Figure 7; 
here it is upside down.’ The limb itself may be seen 
below the section. Notice how squarely the butt has 
been broken; the fibers were not twisted nor split apart 
in the least. Where the break occurs, the fibers of the 
limb have become nearly parallel to those of the main 
‘trunk. 'This* brokem: butt fitted into the knot hole at 
the central arrow of ‘Figure 3. ‘That hole was 10 feet 
3 inches from: the ground, and was nearly 1.5 inches 
deep. Furthermore, the sliver which still projected from 
the trunk fitted into the cavity at the left of the butt; 
this cavity was about 2 inches deep. The branch has 
‘been broken off squarely across the grain, and has been 
pulled out of the trunk as a tenon might be pulled from 
a mortise; in doing this, the sliver attached to the trunk 
‘has, soma, ay een pulled from this section without 

damage to itself, although it: was only 1 inch wide.and 
‘Near its tip was only 0.25inch thick. Such a breaking 
and pulling apart could have resulted only from a tension 
which was ‘quite closely along the direction of the fibers 
‘lying in the plane between the'sliver and the butt; these 
made an angle of 33° with:the vertical. .What seems to 
have occurred’is this: A force directed about’ 30° from 
the vertical was exerted — the lower portion of the 
‘section  (fig..’7) the limb; when the: limb tore 
apart, this portion of the section: drove into the upper 
aed crumpling and crushing the fibers at the bend 
(fig.'8); prying off the upper:8-foot: portion anid: driv- 
‘ing the entire ‘section upward:and outward. This tore 
loosé from the outer portion of the trunk a» bark- 
“overed splinter, 4 feet long, arc 5 inches, sides of 
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wedge 3 inches, and threw it Ws into the branches, 
where it was still hanging on Monday morning, some 
3 feet higher than the top of the blaze. This splinter 
carried ‘the bark which was‘torn from just below the 
branch seen in Figure'3 at the left and near the extreme 
top of the blaze. 

he top of the ‘vertical portion of the T splinter (figs. 
3 and 5) was 8 feet 3 inches from the ground. Through 
this splinter, just where it joined the top of the T, was 
a small hole, scarcely larger than a lead pencil, around 
which the wood was charred. Markings from a smaller 
hole were found 13 inches lower, where the right end of 
the cross of the T would meet the vertical portion, if 


the splinter were straightened out into its origina! posi- 


tion. At two other spots, 12 inches and 15 inches, 
respectively, ‘below the latter, the bark was similarly 
charred. All four spots lay approximately in the same 


‘vertical line. These are the four punctures which were 


mentioned in the diseussion of Figure 5. A careful 
search failed to disclose any other charred spots; special 
attention was given to the bend (fig. 8) and to neighbor- 
ing portions of the trunk: At’ the lowest spot, merely 
the surface of the bark was charred; at the next, the 
bark seemed to have been penetrated, but there was no 
evidence that the wood under it was damaged. The hole 
ro pe to make with the vertical an angle of about 28°. 

arks matching the other two holes were found on the 
large, torn-out section and on two‘other (interior) stand- 
ing splinters. It was thus possible to reconstruct, in 
— this portion of the tree. From ‘the region of the 
1ighest hole, too much material was missing, and what 
was available was too damaged “by the bending and 
swaying of the splinter to permit one to draw any very 
definite conclusion regarding the initial nature of the 
hole, but it seemed to enter the tree almost horizontally. 
A large part of the material from around the second hole 
was available, and had been damaged but little. In 
particular, a fair length of the hole, including its very 
end, was found in a single large splinter. In sections 
normal to the length of the hole, the wood was discolored 
(grayish) over an elliptical area; 1 inch beyond the bark 
the vertical axis was 4 inches, the horizontal was 0.75 
inch. The hole entered the wood. at an angle of about 
50° with the vertical. Its entrance was na aren 


three-eighths inch'in diameter, and a very short distance 


after entering the trunk it was but little larger than the 
lead of an ordinary drawing pencil. It extended into 
the wood about 2 inches beyond the bark, and the vertical 
plane including it deviated but little from that markin 

the westernmost face (AH, fig.'1) of the unsplintere 

portion of the trunk; the deviation, if any, was probably 
to the north. The hole went straight through the sap- 
wood without damaging it except by perforation. The 
same seemed to have been true of the upper hole, but there 


‘a strip of the trunk lying quite near the surface was 


shredded. Beyond this narrow strip, the wood appeared 
to “have merely been slit ‘apart, until the apex of the 


splintered portion was reached. 


Along the apex, extending the entire length of the 
blaze and split, there was a column of fibers which had 
been quite completely shredded. Some idea of the nature 
of the shredding may be obtained from Figures 8 and 9. 
At a height of 10 feet, the shredded column was 0.75 
inch in diameter. ' It lay quite closely along the grain of 
the tree. It was split, probably by a small knot (fig. 
9), just below the square break; one segment was muc 
larger than the other. The smaller segment passed to 
the west, and the larger to the east, of the squarely 
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broken limb; both followed the grain of the trunk, and 
thus united above the limb. It will be noticed that in 
passing around the limb to unite above it, the direction 
of the fibers has a very pronounced horizontal component, 
and where they reunite, they are ee perpendicular to 
the direction of those composing the plane of slipping of 
the butt of the limb. (To see this more clearly, turn 
Figure 9 nearly upside down, so that the trunk is in its 
natural position.) The inner fibers actually formed a 
kind of inverted cup. 

As the shredded strip extended to the top of the split, 


_ and possibly beyond it, it is natural to conclude that the 


tree was struck at a point still higher. But such was 
not the case. On the Tuesday after the tree was struck, 
the bark was examined very er eg from the top of 
the split to the very highest crotch. It was entirely un- 
damaged, except at one point. The point was 15 inches 
above the top of the split (hence about 18 feet below the 
top of the tree), on the unsplintered side of the tree, and 
on the upper side of a minor branch, close to where it 
joined the trunk. There, a piece of bark 0.25 inch wide 
and 1 inch long had been blown off, and at the trunk end 
of the pepee ortion there was a hole about one- 
sixteenth inc iameter, from which projected a small 
tuft of shredded fibers. Not only the presence of the 
fibers, but the appearance of the edges of the hole and 
the manner in which the bark was torn showed quite 

lainly that the damage was caused by a mechanical 
es acting from within outwards. ter cutting off 
the branch, the hole was probed into the trunk to a dis- 
tance of 3.5 inches, the probe being a No. 26 copper wire. 
Obviously the hole was almost completely clear for this 
depth, or it would have been impossible to have probed 
it with such a wire. Whatever produced it, blew it 
almost completely clear of woody material for a distance 


d 
in 


_of about 4 inches. 


After the tree had been thrown, it was sectioned. At 
the section 3 inches below the branch with the hole, the 
shredded column was evident as a spongy area; a part 
of it entered the knot corresponding to the branch. At 
the section 6 inches higher, the spongy area was much 
smaller; and at the top of the next 6-inch section, there 
was none to be seen. From that section there was but 
one branch, and neither it nor the bark of the section was 
damaged in any way. The top of the shredded column 
did "¢, reach the surface, but ended in the interior of the 
trunk. 

At the section made a few inches above the original 
ground level, the diameter of the shredded column was 
much less than it was at the level of the top of the T 
splinter. 

There were five large, spreading roots (the tulip tree 
has no taproot). Of these, only one was damaged; of 
the five, ore was but one which was smaller than this. 
The damaged root was 5,5 inches in diameter, and left 
the trunk in a nearly northwest direction. The apex of 
the damage was 0.75 inch from the south face of the root. 
The entire damage consisted in a rather minor splitting 
of this side. A small root (1 inch in diameter) from the 
same portion of the trunk was split on its lower side; the 
split was nearly radial, and not over one-fourth inch 
enn This root lay entirely below the large ones. 
Here again the source of pees seemed to have been quite 
narrowly restricted to a small column of fibers; the split 
seemed to be merely a vent where the root gave wb 


' There were incipient splits nearly coinciding with t 


growth ring passing through the column. 
From these observations, it seems probable that, until 
it reaches the heart of the tree, the shredded column, 
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marking the apex of the damage, is bounded throughout 
its length by the same sets of growth rings and radial 
lanes, or by their counterparts in the roots and where 
ots disturb the regular arrangement. It seems that 
whatever produced the shredding had its origin near the 
level of the top of the T splinter, passed both upwards 
and downwards, with ever decreasing intensity, along a 
slender column of fibers, and experienced great difficult 
in passing in a direction transverse to the fibers. Indeed, 
there was no clear evidence of any passage transverse to 
the fibers; in this direction, the trunk was merely splin- 
tered or split apart, or, as in the case of the hole in the 
small branch 15 inches above the split, the fibers are torn 
and punched out, but are not shredded. 

Herein seems to lie the explanation of the square 
break. In its rush up the fibers, the shredding agent 
encountered the overhanging and somewhat cupped 
fibers above the branch, and was unable to penetrate 
them transversely with sufficient freedom to prevent the 
stresses from ee greater than the tree could stand, 
even though most of the agent continued along the fibers, 
around the bend, and upwards. 

What was the agent which produced this shredding? 
The orthodox answer seems to fe: Steam, or other gases, 
liberated by the passage of an electric current through the 
tree. But to me this is not satisfactory; it seems to 
me improbable that steam or other gas could primaril 
have been responsible for all of the effects observed. 
am of the opinion? that in this case the lightning stroke 
consisted of something analogous to an intense, high- 
speed beam of cathode rays, which planted in the trunk, 
at the depth of the shredded column, a large number of 
electrons. Their mutual repulsion, when their onward 
velocity was arrested, urged them in all directions; but 
having become attached to the molecules forming the 
contents and walls of the cells, they were unable to 
penetrate the fibers in a lateral direction, although they 
could travel with moderate freedom along the fibers, iu 
the direction of the flow of the sap. Hence they traveled 
along the fibers, shredding them as they went; being 
unable to penetrate the fibers transversely, the tree was 
split, and the branch was broken squarely and pulled 
from the trunk. 

_ Although many accounts of the effects produced 

lightning have been written, their correlation is exceed- 
ingly difficult, owing to the omission of many important 
details. It is very desirable that there shall be placed 
on record in appropriate institutions a large number 

detailed descriptions of such effects. In this country, 
the Weather Bureau seems to be the logical place for 
the assembling of such data. In the study of a tree which 
has been struck, the following details and types of obser- 
vations seem desirable; others dictated by the particular 
case under study will occur to the observer. . 

1. A plan of the surroundings, drawn to scale, showing 
all prominent objects and the heights of those which are 
as tall or taller than the one struck, should be made. 
The kinds of trees and the types of buildings (whether 
frame, brick, with lightning rod, etc.) should be stated. 

2. Both general and detailed photographs of every- 
thing that appears of probable significance or interest as 
affording information regarding the nature, extent, and 
location of the damage should be taken. : 

3. The ground, for a considerable distance in all direc- 
tions from the tree, should be*carefully examined, and 
notes should be made of ‘all “holes, furrows, and other 
disturbances which ‘may have’resulted from the stroke. 


ax” an elaboration of this opinion, see Journ. Washington Acad. Sciences, January, 
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Their sizes, locations, and directions are of importance. 
They should be entered upon the plan. 

4. If the tree is splintered, notes should be made of the 
positions of the most distant splinters, as well as of all 
the large ones. The positions of the latter should be 
carefully determined; the distance, position with refer- 
erence to the tree, and the position of the bark are of 
importance. Do they ot we to have hit violently upon 
an end; if so, upon which; if not, is there any evidence 
of which part bore the brunt of the blow? (The main 
evidence is to be es in the ground and in the soiling 
of the splinter.) significant features, such as those 
which relate to the nature of the breaks, should be noted 
and photographed. 

5. The nature of the splintering should be noted. Are 
all portions of the splintered material damaged in the 
same way, or is there indication of a path, or of paths, 
of peculiar damage? In the latter case, how do these 
paths differ from the rest, how are they situated, do 
they reach the surface at any point; if so, where, and 
how is the bark affected at that point? What are the 
sectional dimensions of the paths, and how do they vary 
from point to point? Trace the paths as far as possible; 
do they encounter any knots and; if so, how do they 
pass around them? 

6. Search for punctures of the bark; remember that 
they may be very small. Are their borders scorched? 
Do they appear to have been made by a mechanical 
force acting from within outward, or the reverse, or 
is there no evidence bearing upon this ogee The 
position of each puncture should be carefully noted, so 
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so that it can be correlated with the other observations. 
If only a segment of the tree is splintered, an especially 
careful search for small punctures should be made in 
the neighborhood of each boundary of the splintered 
segment. In so far as possible, reconstruct the tree in 
the region of each puncture so as to determine the size 
of the hole, depth of penetration, the angle it makes with 
the vertical, and the plane in which it lies; the latter 
should be entered on the plan. 

7. Note carefully the nature and the location of the 
damage to the bark and to the sapwood. Distinguish 
between a mere mechanical tearing of the bark as a 
eee of the splintering of the tree and damages of other 


8. If practical, throw the tree and note the location, 
extent, and nature of the damage to the roots, photo- 
graphing everything of interest. Note carefully how 
the roots lie with reference to the ground plan. tion 
the tree at such points as seem desirable. 

9. Nothing should be moved until everything of intarest 
regarding its original position has been recorded. But 
after such records have been made, exhibits should be 
collected, carefully labeled, and preserved, at least until 
after a detailed report has been written. 

10. Above all things, trust nothing to your memory; 
upon the spot, make written notes of observations 
and of the impressions which they produce upon you. 
If practical to do so, move nothing until after you have 
written up and studied all the notes which you can other- 
wise obtain; you will frequently find that additional 
observations are desirable. 


OCEAN TEMPERATURES AND SEASONAL RAINFALL IN SOUTHERN CALIFORNIA 
A REVIEW OF THEIR RELATION BASED UPON RECORDS OF THE PAST NINE YEARS 


By Grores F. McEwen, Physical Oceanographer 
[The Scripps Institution of Oceanography, La Jolla, Calif., December 28, 1925] 


The continuous record of seasonal rainfall at San Diego 
oe in 1850, and may be regarded as typical of southern 
California in the variation from year to year. What is 
the likelihood of being able to predict the rainfall for a 
_— year solely from a rainfall record? On examini 
the record for San Diego, which is the longest available in 
this region, there appears to be no definite relation of the 
rainfall during any season either to the rainfall of one 

ear’ or to that of any sequence of years pager, it. 

or example, a rainfall above the average is just as likely 
to follow a dry Raat as a wet year. The distribution in 
time, of seasonal rainfall, appears to be as fortuitous as 
the result of coin tossing or drawing odd and even numbers 
from a pack of numbered cards. 

Although it is imposible to predict what the next 
season’s rainfall will be solely from the record of rainfall, 
it is possible to state the probability that it will be be- 
tween any assigned limits. A suitable frequency curve, 
fitted to the 75 values of the seasonal rainfall at San Diego, 
yielded the results entered in Table 1. 


TaBLE 1.—Frequency, in number of times per hendred that the 
gwen limi 


Frequency... 0.8 9.2 20.7 21.8 16.7 12.3 7.6 
0-3.3] 3.3-5.3] 5.3-7.3| 7.3-0.3 | 9.3-11.3 |11.3-13.3 | 13.3-15.3 
Trequency.... 4.1 2.0 1.65 1.0 0.5 0.3 0.2 

15. 3-17. 3 |17.3-29.3 |19. 3-21. 3 |23, 3-25. 3 |25,3-27.3 29.3 


'In the paper by L. E. Blochman, foll , the reader will find a discussion, based 
on the San Diego rainfall record, which indicates a relation between San Diego summer 
tains and the rainfall of the ensuing season in southern California.—Ed. 


From the frequency distribution of the rainfall, esti- 
mates can be made of the chances of having a drouth of 
given intensity (number of successive years when the 
rainfall is below a given amount) within any period, 50 or 
100 years. For example, in an 11-year interval we may 
expect 8 or more years to have a rainfall less than 9.2 
inches about once in a century. 

About once in 50 years an 11-year period will contain 
5 or more years during which the seasonal rainfall is less 
than 7.3 inches. The 11-year period from 1893 to 1904 
corresponds to both of these cases. It contained 8 years 
during which the rainfall was less than 9.2 inches, and 5 
years during which it was less than 7.3 inches. Com- 
puting the chances of a flood or drouth of given intensity 
is one kind of prediction, although no information 
regarding any particular year is thus obtained. Such 

redictions are of value to engineers in the economic 
eatin of storage systems for conserving the maximum 
amount of water. 

Considerable work has been done in attempting to 
discover cycles or periodicities in various natural phe- 
nomena. The possibility of cycles in sun spots, temper- 
ature extremes, drouths, etc., and attempts to find 
correlations based upon such phenomena has aroused the 
interest of able investigators, as well as those less qualifiea 
to deal with such problems. In many cases the advocates 
of certain cycles have not been able to establish their 
claims. The problem of determining cycles empirically 
from observational data is in general elusive and difficult. 
Many people believe that the seasonal rainfall at San 
Diego is cyclical, and that the period is about 20 years. 
While periods of light and heavy rainfall do alternate in 


| 
| 
B 
) 
} 
d : 
a 
d 
4S 
nt 
od 
of 
- 
or 
ch & 
pr- 
jar 
are 
de. 
her 
ry- 
, as 
ynd 
and : 
her 
uary, 
& 


484 


general, the length of the corresponding time interval 
appears to vary too much from its average to justify 
applying the term cycis. 
simple rainfall sequence at San | Diego, involving 
alternate intervals of 10 and 20 years was discovered by 
Mr. H. F. Alciatore, a fomer meteorologist, of the San 
Diego Weather Bureau. The rainfall..expressed in 
rcentages of the average for the whole record is entered 
in Table 2 under the interval. 


TaBLe 2.—Rainfall at San Diego, in per cent of the normal, during 
a sequence of intervals of 10 years, 20 years, 10 years, etc. 


| 


| 1846-1856 | 1856-1876 | 1570-186 19-1906 1906-1916 | 1916-1936 


| 


The four middle intervals are complete, but the avail- 
able record did not begin until the middle of the first 
interval, and has extended only to the middle of the 
last one. Beginning with 1846, the ‘table indicates, 
consistently, that during alternate intervals of 10 and 
20 years the itis Magne is alternately above and 
below the normal. is is the only rainfall sequence for 
San Diego that the writer has seen which holds con- 
sistently throughout the whole length of the record. 
It suggests the presence of a 30-year cycle. But values 
of the seasonal rainfall, above and below the normal, are 
irregularly distributed through both the intervals of 
high average and of low average rainfall. 

orecasts based entirely upon investigations of the 
rainfall record do not provide an estimate, in advance, 
of what the rainfall for the coming season will be. The 
conclusion is that specific forecasts of seasonal rainfall 
must involve the relation of rainfall to causes that can 
be observed and measured. Only as we approach to an 
understanding of the processes at work to produce rain, 
and as adequate observations are made and become 
available, can we expect to succeed in the. difficult 
problem of forecasting. At present. we are only near 
the beginning of such a huge undertaking that promises 
to involve not only investigations of the atmosphere 
and the sea, but the sun as well. _The results of extensive 
investigation demonstrate the controlling influence of 
the oceans on the climate and weather of continental 
areas. An unusual amount of heat reaching any part 
of the ocean results in changes in atmospheric pressure 
and temperature gradients in the ocean. Thus changes 
in winds, ocean currents, evaporation, and precipitation 
arise. ‘There is accordingly a continual interaction be- 
tween the ocean and the atmosphere, as equilibrium is 
approached, but never reached. Moreover, it is. now 
generally admitted that changes in the surface layer of 
the ocean can be observed months before the occurrence 
of their effect on the weather of a neighboring continent. 

Since 1915 daily surface temperatures of the ocean 
have been observed at the end of the Scripps Institution 
Pier. An examination of the records indicated that. the 
low rainfall during 1917-18 was preceded by summer 
ocean temperatures several degrees higher than the 
temperatures during the summer, of 1916. In 1918 the 
summer temperatures did not return to normal, . This 
suggested that a low seasonal rainfall for 1918-19 might 
be expected. (McEwen, 1918, p. 18; see bibliography.) 
The 1918-19 season proved to be even drier than the 
previous one. The inverse relation between. summer 
ocean temperatures and the following. seasonal rainfall 
indicated by these three years lead.to the consideration 
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of a possible seenperntarsiiatell relation as one of the 
institution’s problems. It was also. decided to publish 
experimental forecasts from \the. beginning, rather than 
to withhold the information;until a long enough Agee 
of observations had been made to test adequately the 
validity of the relation. | its 
representative 


The average seasonal rainfall,at six 

stations a used as an index of the rainfall. over 
the coastal, region of southern California. .The follow- 
ing stations were selected on account. of the length and 
continuity of their records, and) their. geographical ‘dis- 
tribution: Bonita, San Diego, Escondido, Tustin, Corona, 
and Los Angeles. The temperatures averaged for the 
interval from August 1 to October 15 were found, by 
trial, to give the most consistent results. The usual 
interval from July 1 to July 1 of the following year is 
used for the seasonal rainfall. These results to date are 
presented in Table 3. , | 


TABLE 3.—Summer ocean temperatures at La Jolla, and seasonal 
rainfall during the following year in southern California 


Average | Depar- 
‘emper- e from) season 
Year ature 9-year | rainfall from 
mean at 6 9-year 
stations | mean 
68.8 1.3 10.9}. =.5 
69.3 1.8 8.9 —2.5 
67.8 .3 10.8 —.6 
3 66. 4 =11 21.7 10.3 
Si 65.5 —2.0 7.8 —3.6 
1925-26..... 66.9 —.6 


In eight out of the nine pairs of temperature and rain- 
fall departures the signs are unlike, thus indicating a nega- 
tive correlation between temperature and rainf From 
the average relation between, temperature and rainfall 
departures shown by the table, the rainfall:for 1925-26 
was estimated to be 12.6 inches, or.about an inch above 
the nine-year average. 

The La Jolla temperatures have been used because of 
the length of the record. A program of. daily tempera- 
ture observations at other coast. stations hasbeen car- 
ried out since the La Jolla record began. . These. addi- 
tional observations provide a means of obtaining some 
idea as to the size of the ocean area that behaves, approx- 
imately as a unit. The average ocean surface tempera- 
ture at each of three southern California stations, La 
Jolla, Oceanside (30 miles north), and. Hueneme. (100 
miles north) is presented in. Table 4. 4 sett 


the 


TABLE 4.—Average ocean temperature at the surface during ” 


\pertod, August 1 ta October 15 at each of three coast stations, 


Jolla, Oceanside, and Hueneme, in southern California 


; Average 
La Jolla Hueneme| of 3 

stations 


1 Entries in parenthesis, (), have been estimated from the temperature at La Jolla 
from the average difference between the temperature at La Jolla and the other stations 


based upon the remaining observed values. 
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The consistent variation of temperature shown by 
Table 4 indicates that any one of the stations may be 
be used as an index of conditions over a large area. Since 
1921, during a period of several months, from wy till 
autumn, frequent temperature observations have been 
made at two stations, one 5 miles west of the Scripps 
Institution Pier, and one 10 miles west. Weekly aver- 

es of these temperatures have varied consistently with 
those observed at the pier, thus affording additional 
evidence that pier temperatures are a reliable index of 
conditions throughout an extensive area. Evidence that 
temperature variations at inshore stations may be indica- 
tive of corresponding changes in a region Sra i hun- 
dreds or even thousands of miles away is afforded by 
observations from ships plying between San Francisco 
and Hawaii. Surface water temperatures taken from 
San Francisco about halfway to Hawaii were averaged 
by a 2° on a side or about 120 miles square 
for the period of 11 weeks from August 1 to October 15 in 
1921 and 1922. About 300 temperatures were available 
for each period. The results.are entered in Table 5, 
which shows that in 1922 the water was 1.5° F. warmer 
than in 1921. This difference is in agreement with 
Tables 3 and 4. ~ 
TABLE 5.—Average surface temperature in t quadrangles 


from San Francisco half way to Hawaii during the period, August 1 
to October 15 in 1921. and 1922 : 


60.0! 61.2 7| 700| 685| 604| 71.2 
Mean 

of all 

pis 

1921. 71.5 90.7 70.5| 707| 67.1 
1922 72.0| 703| 71.1} 71.2) 70.0) 730| 686 
Diff. —28| -10| —23| —15 


The average temperature at La Jolla, Oceanside, and 
Hueneme (last column of Table 4) will now be consid- 
ered in relation to the seasonal rainfall in each of several 
selected regions in southern California. Seven groups of 
rainfall stations having a sufficiently long record have 
been selected with reference to geographical differences. 
The stations making up these groups are listed below, 
each group being designated by a letter for reference. 

A—Bonita, San Diego, Escondido, Tustin, Corona, and 
Los 7m (low altitude and not far from the coast). 

_B—Crane Valley Reservoir, Huntington Lake, Kern- 
oe babe and Yosemite (high altitude and farthest from 

e coast). 

C—Azusa, Kaweah No. 1, Lytle Creek, Borel, Mill 
Creek No, 3, Santa Ana River No. 1, and Sierra (inter- 
mediate altitude and distance from the coast). __ 

D—Lower Otay, Bonita, Escondido, El Cajon, San 
Diego, Barrett Dam, El Capitan, Morena 
Reservoir, and Cuyamaca (San Diego County stations 
r from a low altitude near the coast to a level of 
5,000 feet). 

E—Morena Reservoir and Cuyamaca (high altitude 
so in San Diego County; about 75 miles from the 
coast). 

F—Lower Otay, Bonita, Escondido, El Cajon, and San 
Diego (low altitude stations in San Diego County, the 
group farthest south). 
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. G—Huntington Lake thighest altitude, farthest from 
the coast, and in the group farthest north). 
A general idea of the location and area of the regions 
rt to these groups is presented by the map, 
igure 1. 


120 


Fic. 1.—Rainfall areas used in this study. (Area F is formed by the overlapping parts 
of areas A and D ;area G, Huntington Lake, forms a part of area B.) 


The relation of the seasonal rainfall, averaged for each 
group, to temperature, was found by fitting to the data 
the parabolic function 


(1) 


In this expression, R is the seasonal rainfall, 2, is the 
average of the values of R for the nine-year period, t= 
(temperature —64.7), k and 1 are constant coefficients 
depending upon the way in which the rainfall varies with 
respect to temperature. The values of the constants F,,, 
k, and I are presented in Table 6. 


Tasie 6.—Tabulation of the values of the constants in the lempera- 
')) ture-rainfall formula (1) grouped according to the regions A, B, C, 
etc. +4! 


Group K L Ra 
A 0. 11.4 
B 06 26. 5 
Cc —3.3 .19 23.4 
D —3.2 16.8 
E. .28 29.8 
—2.7 11.7 
—1.4 10 27.7 


All of the data are assembled in Table 7, arranged 


accor to years. The computed values of the rainfall, 
R result from substituting the temperature in formula (1). 
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Taste 7.—Seasonal rainfall R and r the 9-year 
average for several groups of stations in southern California, observed 
and computed from ocean temperatures T. 


(See p. 485 for explanation of groups A, B, C, etc.) 


Year Observed | Computed | Observed | Computed 
y +! t R r R r R r R r 
63.6-11/ 129 L5] 1442 28] 820 5.5 20.0 25 
66.0 13) 10.9 88-26) 22.738 23.7 -2.8 
66.5 18 8.9 -2.5 80-3.4| 23.0 -3.5 22.7 -3.8 
64.2 122 .8| 126 12) 22 —3 27.6 11 
65.0 .3| 108 10.7 228 23) 25.8 -7 
63.8 -.9 | 21.710.3)| 136 22] 820 6.5 23.5 2.0 
65.2 .5 9.0-24/] 10.3-L1} 2823 18 25.4 -1.1 
66.1 1.4 8.7 -2.7 8.6-2.8)| 13.6-12.9 23.5 -3.0 
62.4 -2.3 7.8-3.6) 17.8 6&4) 321 5.6 5.4 
Average........... 64.7 1L4 1L4 26. 5 26. 5 
Year oo Observed | Computed | Observed | Computed 
R r R r 
§3.6-L1) 21 47) 27.2 3.8) 183 15 20.6 3.8 
66.0 1.3] 2L1-23). 194-40] 140-28 13.2 -3.6 
66.5 1.8] 17.0-64) 18.1-5.3 | 149-19 12.0 
64.2 27.4 40) 26.1 17] 188 2.0 18.4 16 
65.0 25.9 25] 224-10; 127-41 16.1 
63.8 36.0126) 265 30.2 13.4 19.9 3.1 
65.2. .5) 20.2-8.2) 218-16) 148-20 15.3 
66.1 14} 162-82); 191-43; 127 -9 12.9 -3.9 
62.4 -2.3) 19.7-3.7) 320 86) 13.7 25.5 87 
Average........... 64.7 23.4 23.4 16.8 16.8 
64.4 24.4 1.0 17.8 1.0 
Station group..........- E F G 
Ocean 
Ob- Com- Ob- Com- Ob- Com- 
Year a served | puted | served | puted | served | puted 
1916-17.....-. 63.6 1 23 6 47 1.3 115.0 15.0 3.3 
3.3 (27.6 20.4 17 
1917-18....... 66.0 1.3 (24.0 -5.8 1-47 | 87 -3.0 (23.5 260-17 
1918-19_..__.. 66.5 1.8 |25.8 -4.0 |23.5 (10.3 -1.4 | 7.8 -3.9 [20.6 19 | 25.5 
1919-20___.._. 64.2 ~.5 5.1 (381.9 21/124 .7 1131, 1.4/28.0 284 .7 
1920-21....... 65.0 .3 (21.7 -8&1 |286-12/ 9.5 -22 10.9 -—8/31.0 3.3 27.3 -.4 
1921-22....... 63.8 -.9 |49.1 19.3 (33.6 3.8 (22.6 10.9 2.7 (34.7 7.0/ 22.0 13 
1922-23....... 65.2 |30.0 .2 (27.9 -1.9 |10.1 -1.6 |10.4 -1.3 /27.2 -.5 | 27.0 -.7 
1923-24__..... 66.1 1.4 123.3 -6.5 (24.7 -5.1 | 88 -2.9 8.5 -3.2 |14.5-13.2 | 25.9 -18 
1924-25....... 62.4 -2.3 -2.4 }40.5 10.7 | 88-29 119.4 7.7 133. 2 6.5 | 31.4 3.7 
Average/64. 7 29. 8 8 11.7 11.7 27.7 27.7 
1925-26........ 1.0 1.2 12.5 28.1 G4 


A negative correlation between temperature and rain- 
fall is indicated for each group, but there is only a rough 
numerical agreement between the computed and observed 
values. Thatis, but little significance can be attached to 
the numerical results of the computation. A comparison 
of the signs of the observed and computed departures 
indicates an agreement about 80 per cent of the time. 
The seasonal rainfall estimated for 1925-26 is efitéred 
in the last line. The same results are shown graphiéally 
by Figures 2 to 8, in which values of the rainfall are plotted 
as ordinates against years as abscisse. The tf@tid of the 
dashed lines (observed rainfall) ees with that of the 
full lines (computed rainfall). e full lines ate con- 
tinued one year beyond the dashed lines in order to 
indicate the estimated rainfall for 1925-26. In Figure 9 
the observed rainfalls for each of the independent 
groups a, b, c, and e are plotted as ordinates against the 
computed values, as abscisse. The scattering of the 
plotted points about the full line gives some idea as to 
the agreement between computed and observed values, 


Novemeper, 1925 


and accordingly the reliability of a forecast. Over 75 per 
cent of the points lie between the two dashed lines 
corresponding to errors equal to or less than 2 inches, 
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Fic. 2.—Predicted versus observed rainfall at low altitudes not far from the coast 
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The question arises, will the relation indicated by the 
ond short series of observations continue 0 
hold? Is the relation merely accidental or does it follow 
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from an actual physical relation between rainfall and a 
complex of factors of which the temperature of the ocean 
is a partial index? If a reasonable hypothesis can be 
developed which accounts for results already observed, it 
will support the presumption of an actual physical 
relationship, and consequent continuation of the indicated 
relation. e following hypothesis is offered as a pre- 
liminary attempt, subject to amplification and correction 
as more information becomes available. 

Assume that atmospheric moisture is supplied by 
evaporation from the ocean into the overlying air. 
Assume that the rainfall in California results from condi- 
tions favorable for the precipitation of moisture in the 
air transferred from the ocean area over the land. Other 
things being equal, the greater the amount of air trans- 
ferred from the ocean to the land the greater will be the 
amount of moisture available for precipitation on the 
land. There is abundant observational evidence of the 
existence over the North Pacific Ocean of an area of high 
pressure, which implies an excess mass of air. e 
monthly average intensity and area of this nieH vary 
periodically from a maximum during late summer to a 
minimum during late winter. Also this seasonal varia- 
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Fig. 4—Predicted versus observed ger at intermediate altitude and distance from 


tion in the atmosphere over the ocean is accompanied 
by an inverse variation over adjacent continental areas. 

us there is reason to expect a seasonal interchange of 
Vast air masses between the ocean and continents, the 
transfer being toward the continent after late summer, 
resulting in re rainy season. However, this transfer is 
hot a uniform or regular process. There is a continual 
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disturbance of equilibrium, due partly to variations in 
land and ocean temperatures, which produces an irregular 
turbulent or pulsating movement, tending to restore 
equilibrium. Direct evidence of such a process is the 
succession of atmospheric disturbances called storms. 

In general, weather conditions vary from year to year. 
Accordingly, it seems reasonable to suppose that the 
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Fic. 5.—Predicted versus observed rainfall, San Diego County, from near coast to 5,000 
foot altitude 


mass of air over the ocean in late summer that is available 
for transfer to the land during the following winter, or 
rainy season, varies from year to year. If, after asummer 
in a ten the barometric pressure is relatively high or the 
high pressure area is relatively large, a correspondingly 
large amount of air is transferred to the land, more 
moisture would be available for precipitation. Such a 
condition would be favorable for a wet year. Similarly, 
a relatively low barometric pressure or small area of = 
ressure would be followed by conditions less favorable 
or asupply of water vapor, sufficient to produce the usual 
amount of rain. According to this hypothesis any index 
of the extent of the area of high pressure or of the in- 
tensity of the “high” would serve to indicate whether 
the following seasonal rainfall would be light or heavy. 
There is a direct relation between the barometric 
gradient and wind velocity over the ocean, and there is 
convincing evidence (McEwen, 1912, 1914, 1916, and 
1918) of an inverse relation between ocean temperatures 
and winds near the Pacific coast of North America. 
Accordingly, ocean surface temperatures near shore are 
an index a the condition of the oceanic “‘high.”” More- 
over, the relation is an inverse one, low temperatures 
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Therefore the inverse relation found§between late sum-!| 
mer temperatures of the ocean near shore and the follow- | 24 T T 
ing seasonal rainfall would be expected. Thus¥ocean' GROUP F 
temperatures may be used to forecast the relative amount | 22 
of moisture in the air available for precipitation. nt 
But conditions favorable for precipitating the checatee| Hi 
must also be present in order that rain may result. Thus | 20 111 
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! Fic. 7.—Predicted versus oberved rainfall at low altitudes in San Diego County, 
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Fie. 6.— versus in San Diego County, 75 20 
\ 
forecasts of seasonal rainfall are essentially regional, and /8 n : 
may fail at times for certain localities, because of an Vy 
oreseen lack of conditions necessary for precipitating Rirerictidrinncarmateticott. 
the available moisture. In fact, an examination of the 16 ------- OBSERVED RAINFALL 
computed and observed departures of rainfall reveals, mums AVERAGE RAINFALL S| 
as would be expected from the hypothesis, that forecasts /4 i i i 


of deficient rainfall are more reliable than forecasts of 
rainfall above the average. 


Fic. 8.—Predicted versus observed rainfall at Huntington Lake, highest altitude 
farthest from coast, and in group farthest north 
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A STUDY OF SEASONAL FORECASTING FOR CALIFORNIA BASED ON AN ANALYSIS OF PAST RAINY SEASONS 
By L. E. Buocaman 


(Berkeley, Calif. 
SYNOPSIS Though seasonal forecasting is a bafili a ge it is 
A study in seasonal forecasting is here outlined on the theory 0t hopeless. The Indian meteorologists have for many 


that conditions are forming over the Pacific Ocean before the years studied the movements and intensities of the mon- 
rainy season begins, and also during the opening months, that soons as affecting and forecasting the rainfall of India a few 


will, when interpreted, indicate the character of the ensuing rain- ; i i * 
witha of months in advance, and their efforts have met with con 


I have investigated the last 40 seasons (ending 1924-25) for pres- Siderable success. For southern California, McEwen zs 
sure, and for rainfall as far back as records areavailable. Ihave has investigated the relation between the water tem- sf 
ascertained that when low-pressure areas enter directly the central eratures off the coast in summer and the rainfall of the . C4 
to southern California coast in September or October, there is a ollowing rainy season. His method has so far produced q 


ten-to-one probability that the ensuing season (for central and al B Se te she 3 
southern California) will be an average to wet one. very encouraging results. but we are still in the pioneer oe 


I have also collected data to show that in the seasons in which stage of long-range forecasting, and conclusions must be & 
San Diego has above average summer rains (July, August, or accepted tentatively and hel open to revision as data 


September) the ensuing rainy season will likewise be average to accumulates : 
wet, with a 90 per cent probability. Th. di the 8 
The forecast values of appreciable rains in November as far "ee AWISIONS O tate for rawmfall.— tate is a 
south as Santa Barbara is also considered. so generally considered as northern and southern Cali- = 
fainfalt tor thes cig fornia that meteorologists have fallen into the same 
ornia are so Imes pro e s+ 3 

seasons they are radically different. Of the seasons in which there habit. ‘ - believe, pon that it 1s nem more accurate 3 
are no early movements of Lows or no summer rains at San Diego, 0 divide it into t iree sections, northern, central, and BK 
some are still average to wet ones, but all the dry or partly southern. Even this demarcation Is somewhat vague; 7. 
seasons follow such rainless summers. however, as nearly as seemed practicable, I have drawn ‘e 
The present status of seasonal forecasting.—The investi- the lines of division as follows: A line from northern ee 


ppton of seasonal forecasting of rainfall for California Marin County to the city of Marysville would divide ee 
as until recent years been handicapped by lack of suf- the northern from the central section, and a line from 
ficient data. Weather Bureau records for the continental the coast at Monterey across to Merced would mark oe 
area are abundant, but it is only since 1922 that we have the division between central and southern California. & 
been able to form much idea of conditions over the Pa- Our main discussion will relate to the central and southern 
cific through radio reports. Thanks to the success of California sections. The dry region everywhere east of Zé 
the San Francisco office of the Weather Bureau in enlist- the Sierra is climatically always in a separate class. “ 
ing the cooperation of steamship companies, data from In referring to rainy seasons they are always under- .. 
the oceanic area are now being received which will enable stood on the Pacific coast to begin with July 1 and to 
Us gradually to improve the basis of our attempts at end with June 30. East of the Rockies the season agrees 
seasonal forecasting for California. This is a subject with the calendar year. As to the kinds of rainy seasons, A 
Which, owing to its economic importance, is well worth I divide them into four types and consider that any oe 
all the attention any investigator can give to it. further division would be impracticable. It becomes 
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necessary also to extend the range of the rainfalls which 
shall be considered as average for the season, and which 
should be limited on the one hand by rainier seasons and 
on the other by the drier. Expressed in percentages of 
the normal seasonal rainfall they are as follows: 

Wert seasons range upward from 120 per cent of 
normal, 

AVERAGE seasons range from 80 to 120 per cent of 
normal. 

MopDERATELY DRY seasons range from 60 to 80 per 
cent of normal. 

; VERY DRY seasons range from 60 per cent of normal 
own. 

Although the Weather Bureau classifies the depressions 
which enter the United States as North Pacific Lows 
and South Pacific Lows according to whether they come 
on shore north or south of latitude 40°, I have, for the 


eg of this study, considered 43° as the dividing’ 


ine, because the entrance of September Lows north or 
south of this line seems so clearly related to the character 
of the ensuing rainy season in central and southern 
California. 

The forecast value y September Lows.—In some seasons 
in California rains begin in September; and while the 
September rainfall for central California averages only 
about 0.25 inch, in certain seasons it is much heavier. 
From the point of view of forecasting, however, it makes 
no difference as to the amount of the rainfall—its source 
is the factor for consideration. Prof. A. J. Henry has 
pointed out’ that “Our precipitation in California is 
great or small according as to whether areas of: low 
pressure enter the continent and move eastward in low 
or high latitudes. ’’ 

It has been a moot question in California whether 
heavy September rains, being premature, were not in- 
dicative of an unfavorable ensuing rainy season. I 
therefore made a chart of the exact location where all of 
the September (and also October) Lows entered the coast. 
I found very definite relationships between the point of 
entrance of the Lows lower or higher on the coast, and the 
character of the ensuing rainfall season. It was not a 
casual matter, for instance, when a depression centered 
directly off the southern California coast. It meant 
that the mIGHs were not so intense as at the opening of 
other seasons or else that they were further back over the 
ocean. This allowed the Lows not only to dominate the 
situation, but it seemed to be indicative of a condition 
for the coming season, namely an increased rainfall, 
or at least an average rainfall. 

The approximate points of entrance of September 
Lows since 1883 onto the Coast is shown in Table 1 
together with the character of the subsequent rainfall 
season for central and southern California. 

I summarize my investigation of September Lows as 
follows: 

1. Lows entering north of latitude 43° were followed 
by any of the several types of seasons, but they preceded 

the drier seasons. 

2. Lows entering south of latitude 43° were almost 
never followed by the very dry seasons; a very few were 
of the moderately dry type. September Lows enterin 
south of Cape Mendocino were almost invariably follow 
in southern California by normal or wet seasons. 


i Henry, A. J., Seasonal forecasting of precipitation on the Pacific Coast, Mo. Wea- 
Rey., April 1921, p. 214. 
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TaBLE 1.—Character of the rainy season in central and southern 
California following the occurrence of Lows on the Pacific Coast 
between Vancouver Island and Lower California in September 


Lows | Character of the ensuing season in California 
oc- 
Latitudes at which tows | 
entered the coast tember seuntinies 
of the Central 
year 
1884 | Moderately dry......- Moderately dry. 
1885 | Normal or above-_-.-_-- Normal or above. 
1889 | Far above normal.---- Far above normal. 
1891 (2)| Normal or above- ----- Moderately dry. 
1892 | Normal or above--.--. Normal or above. 
1893 (2)| Normal or above--.-..- Very dry. 
1894 (2)| Normal or above-.-.-.- Normal or above. 
va 1897 | Very dry.....-----...- Very dry. 
| North of 45° 1899 | Moderately dry-.-.... Moderately dry... 
8 1902 | Normal or above--.-.... Normal or above, 
° 1904 | Normal or above-.-.-.- Normal or above. 
1905 (2)| Normal or above. Normal or above. 
3 1907 | Normal or above--.... Normal or above. 
a 1912 | Moderately dry-...-... Moderately dry. 
1913 | Normal or above-..-.--. Normal or above. 
¢ 1914 | Normal or above.....- Normal or above, 
z 1920 | Normal or above...... Moderately dry. 
1883 | Normal or above.._... Normal or above. 
1889 | Far above normal..... Far above normal. 
43° to 46° Ni... 1895 | Normalor above. Moderately dry. 
1901 | Normal or above...... Moderately dry. 
1903 | Normal or above--_---- Mod. dry to very dry. 
1888 | Normal or above...... Normal or above, 
1902 | Normal or above...... Normal or above. 
Approximately 39° N.| 1904 | Normal or above-....-. Normal or above. 
1909 | Normal or above.-.-.-.. Normal or above. 
11919 | Moderately dry....... Moderately dry. 
3 1908 | Normal or above.....-. Normal or above. 
g Approximately 37° N-| 191g | Moderately dry....... Normal or above. 
é 1887 | Moderately dry....... Normal or above. 
Approximately 35° 11898 | Moderately dry......-. Very dry. 
8 1910 | Normal or above Normal or above. 
191 ormal to mod. dry. 
Approximately 33° N- 1918 | Normal or above-.-.... Normal to very dry. 
1921 | Normal or above--.... Normal or above. 


1 Westward extension of an interior Low. 
2 Sonora type storm. 
3U. 8. Weather Bureau classification. 


3. Two Lows in the table show a westward spreadin; 
or extension in September, and were followed by the 
moderately type of season. The westerly extension 
of Lows at this time of year is evidently not favorable 
to precipitation in path 4 and southern California. 

n September the North Pacific Lows predominate, 
some of them entering well to the north of the area in- 
cluded in the United States Weather Bureau weather 
map, coming into the United States east of the Rockies 
in the usual course. But it must be borne in mind 
that September is still a summer-type month in Cali- 
fornia and few South Pacific Lows are to be expected. 
There are only 14 seasons out of the past 40 years that 
have Lows entering south of latitude 43° in September. 
They are: 1883, 1887, 1888, 1889, 1900, 1901, 1902, 
1903, 1904, 1908, 1909, 1910, 1916, 1921. Of the Lows 
4 entered between Cape Blanco and Cape Mendicino. 
Two of them, those of 1883 and 1889, preceded very 
wet seasons; the one in 1903 preceded a full average 
season centrally, but the season was partly in the 
south. This last one is the only season out of the 14 


that was dry for southern California. The rest of the - 


seasons preceded by Lows entering south of Cape Men- 
docino were all average to wet in southern California. 
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Considering, however, all Lows entering south of latitude 
43°, 12 out of 14, or 86 per cent, preceded average to 
wet seasons in southern California, and of such seasons 
about the same number, though differently distributed, 
followed in central California. None of these Lows, on 
the other hand, preceded very dry seasons, which is a 
fact well worth considering. 

The forecast values of high and low pressure areas of 
October.—During the summer months of July, A t, 
and September there is very little change in the high- 
pressure conditions along the coast. There is, almost 
continuously, a high pressure over the ocean west of 
Washington, Oregon, and northern California. The 
high pressure, which in summer is nearly always oceanic 
later is both the oceanic and the land type. The 
change begins to come in October, or sometimes not 
until November; then there is often a radical change 
from the uniform and rainless oceanic conditions. 

The steadiness of summer conditions gives us, there- 
fore, no information of the coming winter conditions, 
unless, as remarked, a cyclonic area strikes in during 
September along the southern coast. This occurs only 
about one year in three, and at irregular intervals. 

But as October is a month of important changes in 
pressure conditions and is sometimes a rainy month, it 
should give us some intimations of the conditions form- 
ing for the ensuing rainy season. This is manifest in 
two ways: (1) By the mobility or thé stagnation of n1cHs 
over the plateau and the adjacent ocean; (2) by the oc- 
currence of South Pacific Lows in October. 

(1) The mobility or stagnation of the HIGHS.—Early 
in certain seasons there is an accumulation of anticyclonic 
and therefore dry atmosphere in our central and southern 
California latitudes, extending well westward over the 
ocean and eastward to the Rockies. This area of high 
barometer sometimes remains stagnant over the plateau 
for a considerable period. If the stagnation increases in 
November, there is a season of below-the-average rainfall 
in the maki But if the miGHs move rapidly across 
this indicates that there is no stagnation forming west of 
the Rockies to prevent storms coming in from the ocean. 

Normally in winter, plateau HIGHS move on south- 
ward and southeastward. They thus admit of the en- 
trance of the Lows, which correspondingly become de- 


flected more to the south. But in certain seasons this 
high pressure does not move normally southward, but - 


remains centered in the plateau region. For some as 
yet unknown cause in some winters a descending cold 
dry atmosphere seems to come down directly over the 
plateau, or over the ocean, or over both areas, and inten- 
sifies this already anticyclonic condition. 

Sometimes a North Pacific Low will be deflected 
southward and begin to disrupt this stagnant Great 
Basin n1cH, or the oceanic HIeH, but with only temporary 
success. Not until the max decreases in its own intensit , 
1 e., not until the barometer falls appreciably in the 
plateau itself, can any Low impinge permanently and 
give rain anywhere near by. Thou h this continental 
HiGH may begin in October, the peak in seasons is 
not reached until the end of December and sometimes 
even in January. The less it is disrupted during this 
Period the more pronounced will be the dry season, 
especially in southern California. 

_(2) South Pacific tows.—Of an opposite con- 
dition to both oceanic and continental micHs are the 
welcome October Lows. 
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September on this coast, as previously remarked, is 
barometrically a month of the summer type. en 


occasionally a rain does fall, it is only for a day or two, | 


after which the normal summer type of weather returns 
and continues. October is different, but its character 
varies considerably in different seasons. It may show a 
continuation of the average September summer type, it 
may be of the rainier type, or it may partake of both 
types. Barometrically it is also different from Septem- 
ber. Even if no rain falls, the high pressure over 
the ocean is changing its position, especially in certain 
seasons. 


I have all the October tows for 40 years, . 


up to and inclu the season of 1921-22. This perio 
has 15 seasons with South Pacific October Lows, 38 per 
cent of the whole. Occurrences of both September and 
October tows in the same season are certain to be fol- 
lowed by an average to wet season in either central or 
southern California, without a single exception. There 
is also a strikingly high percentage of these seasons that 
are quite wet in both central and southern California. 
It is almost a certainty (better than a 90 per cent preba- 
bility) that when South Pacific Lows enter south of Cape 
Mendocino in either September or October, the ensuing 
season, especially for southern California, will be average 
to wet. is high percentage does not hold good for 
northern California, but it does for central California. 


The 15 seasons referred to as having October South — 


Pacific Lows are: 1883-84, 1889-90, 1890-91, 1894-95, 
1896-97, 1900-1901, 1902-3, 1904-5, 1906~—7, 1908-9, 
1909-10, 1910-11, 1916-7, 1921-22, and the slightly below- 
average season of 1901-2, which was below average 
only in southern California. In some instances Lows 
are not shown on the maps, but they are inferable from 
the text; especially does this apply to the so-called 
secondary Lows. After reviewing the daily weather 
charts, I have proceeded on the assumption that when a 
heavy rain comes in from off the coast and the influence 
of the primary Low is not apparent, this rain is caused by 
a secondary Low. 

The significance of November rains in the South.— 
When, as far south as Santa Barbara, the average or 
nearly the average rainfall in November occurs, it 
— to be indicative of the free movement of Lows, 
and, except in a very few instances, average to wet 
seasons follow. 

The average November rainfall at Santa Barbara is 
1.50 inches and the average seasonal rainfall 18.50 inches. 
We may consider an inch as a fair precipitation for 
November, and note the kind of season ensuing, with 
1 inch and upward of November rains. I have listed 
every season since 1867, and find there are 23 seasons at 
Santa Barbara having an inch or more of precipitation in 
November. These 23 seasons I have tabulated as 
follows (see Table 2): The first column contains the 
seasons since 1867 having a rainfall at Santa Barbara 
for November of 1 inch or more; the second column 

ives the rainfall at Santa Barbara for the corresponding 

ovembers; the third column gives the totals of the 
respective ensuing seasonal rainfall; the fourth column 
gives in percentage of the average rainfall the corre- 
8 men seasonal rainfall for southern California. and 

e fifth column the same information for Central 
California, 
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TABLE 2.—Relation between November rainfall of 1 inch or more at 
Santa Barbara and the rainfall of the ensuing season, at Santa 
Barbara and in southern California 


Percentage of average 
Santa Santa seasonal 
Barbara Barbara 
| ‘rainfall | goon 
rain 

(inches) | (inches) i Califone 2 

2. 30 25. 22 150 167 
1,25 15.77 100 91 
1.80 15. 00 373 120 
1.30 18. 70 85 82 
6. 53 23. 07 125 125 
1.32 29. 51 137 125 
1.62 25. 64 133 120 
9. 84 24. 24 145 140 
1.10 21.71 105 68 
5. 62 21. 58 120 100 
3. 20 32. 43 175 185 
4.27 26. 97 130 112 
3. 50 18. 50 115 98 
1899-1900... .. 1.97 12. 66 58 106 
4.00 15. 40 98 107 
1.16 14. 21 72 90 
4.00 20. 74 120 96 
1.14 22. 70 126 128 
EES 2. 34 19. 92 86 
3. 40 31. 50 140 130 
ths 3. 64 14. 50 80 102 
1, 98 17.00 70 100 


1 These percentages are based on the averages at the following stations: Santa Barbara, 
Los Angeles, San Bernardino, Santa Monica, Riverside, Redlands, and San Diego, 
the percentages for the earlier years being based on the fewer stations then available. 

2 These percentages are based on the averages at the following stations: San Francisco, 
Sacramento, Marysville, and Merced, the percentages prior to 1871-72 being based on 
San Francisco and Sacramento only. 

+ 1871-72 was a wet season north of Santa Barbara; San Luis Obispo had 27 inches, San 
Francisco 31 inches. We have but scant records from south of Santa Barbara for these 
early years. Los i unofficial records give 12 inches, or 78 per cent of normal, but 
as a whole southern California averaged 73 per cent only. 


Reviewing this period of 55 years at Santa Barbara, 
there were, as observed 23 years of fair November rains; 
that is, rains of 1 inch or more. The outstanding facts 


are: 

1. That though there were quite a number of dry sea- 
sons in southern California during this period, only one 
of them appears in the list shown in the table, the season 
of 1899-1900. And this exception, since it had the char- 
acteristic plateau high pressure of the drier seasons, 
can not be said to invalidate the theory of the significance 
of normal November rains with respect to the ensuing 
season. In November 1899 the storm that caused the nor- 
mal monthly rainfall at Santa Barbara was intense 
enough to affect the southern coast in spite of the plateau 
high pressure, the rains being very heavy in the north 
and tapering off rapidly toward the south. Eureka had 
the extraordinary amount of 15 inches, and San Diego 
0.35 inch. 

2. Nineteen seasons out of the 23 having normal or 
over November rainfall had a rainfall of the average 
amount or more in the ensuing rainy season of southern 
California. 

3. Central California had 22 seasons out of the 23 
with seasonal rainfall of average amount or more, cer- 
tainly a very striking fact. 

To sum up inferences based on records of more than 
half a century, the conclusion is that fair November 
rains (1 inch or more) as far south as Santa Barbara 
forecast, for southern California with a. aaah of 
83 per cent and for central California of 96 per cent, 
that an average to wet season will follow. That is to say, 
the era ny of very dry seasons for southern Califor- 
nia following fair November rains at Santa Barbara is 
17 per cent, and for central California but 4 per cent. 
About four-tenths of the seasons of record have been 
preceded by such November rains. If this ratio to the 
total number of seasons continues as in the past, it would 
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indicate that in somewhat less than half the years the 
above probabilities will be applicable. The writer wishes 
to emphasize here that the high probabilities above given 
relate not at all to the kind of seasons that have followed 
Santa Barbara November rains of less than 1 inch. There 
are several cases of normal or above normal seasonal 
rains following November rains of less than 1 inch; 
hence a “dry” November may mean either deficiency 
or excess to come. But, as shown, the “moderately 
wet” to “‘wet”’ Novembers have been followed in a very 
high percentage of cases by normal or above normal 
seasonal rains. 

San Diego rains as an indication of the rainfall of the 
ensuing season.—In reviewing the rainfall records of San 
Diego my attention was called to the fact that San Diego 
occasionally has noticeable summer (July, August, and 
Scatamben'' rains when no rains occur elsewhere on the 
coast at the same time, and that these summer rains 
have no apparent connection with those of Arizona. 

The average total rainfall at San Diego for these three 
months is only 0.23 inch, due to the number of rainless 
seasons. These months as is well known, are charac- 
terized by semipermanent high pressure off the north- 
western coast and by summer or heat Lows over Arizona. 
The summer rains of San Diego seem to be of different 
origin from those of the interior; they come mainly from 
the southwest. They seem to indicate a more than 
normal intensity ofthe tropical cyclonic activity over 
the Pacific Ocean. These storms are sometimes first 
observed along the Mexican coast as far south as Mazat- 
lan (latitude 22°) or else as coming in directly from the 
Pacific south of the thirtieth degree of latitude. 

The great flood season of 1861-62 in California was 
preceded by excessively heavy rains early in the season 
at San Diego, when no rain at all fell north of Los 
Angeles. In October, 1883, a very heavy rain fell at 
San Diego in connection with a violent storm that moved 
northeastward from the Gulf of California (MonTHLY 
Weatuer Review, October, 1883, p. 223), and the 
rainfall season of 1883-84 was very wet in both central 
and southern California. Late in September, 1921, a 
rain of 1.65 inches fell at San Diego and was hardly felt 
a little to the north. The storm track map of the month 
(MontHLy WEATHER Review, September, 1921), showed 
that this storm, of the hurricane type, was first observed 
epacnte the Mexican tropical coast near Mazatlan. It 
then moved in a northwesterly direction and, turni 
inland near San Diego, took a northeasterly course. It 
was intense enough to cross the United States: and pass 
out into the Atlantic. In the following December, Lows 
of unusual extent appeared off the coast of southern 
California and gave nearly two weeks of rain. Again in 
January and February of the same season Lows entered 
southern California with correspondingly heavy rains. 
The September Low seemed thus a forerunner of them all. 

At San Diego in the 72: seasons 1850-51 to 1921-22, 
there have been 21 summers with rainfall for July, 
August, and September totaling 0.21 inch or over the 
average for all summers being 0.24 inch. The rainfall 
of these 21 summers is given in Table 3, together with 
the respective ensuing seasons’ total rainfall at six 
stations in southern California for which long records are 
available. Only the territory west of the mountaim 
ranges is considered, since southeastern California has 
a desert climate. Now, assuming 0.21 inch to be an 
“average” summer rainfall at San Diego, the tabulation 
shows that 19 seasuzs out of the 21 that had average or 
more than average summe-> rains preceded average to 
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wet seasons in southern California. But the partially 
dry seasons of 1912-13 should properly be eliminated 
from this count, because its July and August rains, when 
traced to their origin with the aid of the Weather Bureau 
maps, are seen to be a result of the westward extension 
of interior Lows, and therefore are rains from Lows that 
did not come off the Pacific Ocean. Consequently, when 
we consider only the appreciable summer rains at San 
Diego due to Lows that came in from the Pacific, there 
are 19 seasons out of 20 that preceded average to wet seasons 
in southern California, indicating a 95 per cent proba- 
bility of similar occurrences for the future. The only 
regrettable fact is the infrequency with which these 
“average” summer rains occur. 


TaBLE 3.—San Diego summer rains in relation to the ensuing rainy 


season in southern California 
Seasonal rainfall at— 
San 
Diego 
Season Los Red- River- | San Ber- San 
lands side | nardino iego 
0.24”) (normal | (normal or: (normal | (n 13.04’) 
15.62) | 14.55’) | 10.74’) | 16.04’) | 9.70) 

1853-54... 

1873-74....... 1, 95 23.81 
| . 60 19. 90 
13. 13 13. 50 9 9.49 
1890-91 13. 36 9. 06 12. 89 18. 08 10.47 14.76 
1902-3........ 92 19. 32 15. 82 12. 74 17.42 11. 76 15. 85 
1905-6... ... . 66 18. 65 6.61 15. 14 19. 88 14. 68 19. 00 
1906-7... 22 19. 30 21. 85 16.31 23.17 10. 62 19, 68 
1908-9... . 84 19. 18 14. 47 12, 02 17.36 10, 23 14.45 
1912-13._.....! 13. 42 7.96 7.16 11.08 5. 87 8.11 
1916-17 .28 15. 26 14. 07 9.11 13. 79 10. 13 10. 38 
1919-20... . 36 12. 52 15. 82 12. 00 19. 28 13. 08 
1920-21....... 1. 24 19. 66 . 50 19. 75 27.75 18. 65 17. 51 


In this connection, as with the results from my con- 
sideration of Santa Barbara rains, it should be stated 
that this high probability by no means indicates that we 
can forecast in general the seasonal rainfall from the 
summer rainfall. If the summer is “dry,” it has no sig- 
nificance whatever in relation to the ensuing season’s 
rainfall, for many wet seasons have followed almost rain- 
less summers. But when the average to heavy summer 


rains do come, then the high probability above shown’ 


applies. 

On examining the seasons above discussed, I find that 
nearly all of them had the South Pacific Lows of Septem- 
ber or October. When they have both the Lows and the 
rains, nae wetness of the coming rainy season is further 
assured. 


DISCUSSION 
By A. J. Henry 


The two articles immediately preceding deal with a 
question of great scientific and economic importance. 

Blochman presents statistical evidence of the tendency 
of the weather to persist for a time in the same sense, an 
idea that has been discussed for some years in Europe. 
Von Hann in his Lehrbuch, third edition, refers to it 
under the caption ‘‘Die Erhaltungstendenz der Witter- 

ngstypen.’’* Others have alluded to it in connection 
with seasonal forecasting and only very recently Weise 
has computed the correlation coefficients between pairs 
of months, January—February, March-April, etc., for the 
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165-year st record for Leningrad,’ first for the 
record as a whole, then for the three 50-year periods and 
finally for each of the five 30-year periods. e signifi- 
cant result is reached that the coefficients for correspond- 
ing pairs of months in some of the 30-year periods differ 
very materially from each other, whereas in the longer 
periods the coefficients are fairly uniform as between the 
several parts of the record. 

Doctor McEwen utilizes ocean surface temperatures 
along the coast of southern California as an index to the 

ressure over the northeast Pacific and endeavors to pass 
rom ocean pressures to the rains in a limited section of 
southern California six months later. The rather striking 
thing about this purely empirical method is that it gives 
the correct sign of the rainfall departure in eight out of 
nine cases, although the absolute amounts of rain are 
not indicated so closely. 

Doctor McEwen in attempting to set forth his con- 
ception of the physical relations involved in the produc- 
tion of wet and dry years in California, is fully conscious 
of the difficulty of coordinating the very few facts at hand, 
and he therefore makes certain basic assumptions, some. 
of which, in the view of the present writer may not be 
in accord with theory and experience. It is a question, 
indeed, whether scientific research of the present day is 
sufficiently well organized and equipped to cope with the 
truly great problem of seasonal weather forecasting, in- 
volving as it does the entire atmosphere of the globe. 
For more than 50 years meteorologists have been ob- 
serving and agg ee paths of anticyclones and 
cyclones; yet in all this time they have scarcely passed 
beyond the observing stage, for very little is yet known 
of the precise wacthel of origin of these formations and 
the source of their maintenance as they travel over the 
face of the globe. 

Out of the fifty-odd years of study have come the facts 
that cyclones with their attendant rain and cloud seem- 
ingly prefer to remain over the oceans in winter rather 
than pass on to the continents; also that their fullest 
i ima takes place over the oceans rather than the 
and. 

It is also generally recognized that low surface temper- 
atures over the land in winter, the presence of anti- 
cyclonic wind systems and perhaps still other causes, not 
yet clearly recognized, obstruct the free movement of 
cyclones especially over the land. These are some of the 
reasons why cyclones coming from the Pacific tend to 
incline toward the Gulf of Mexico and to enter the con- 
ent below 45° north latitude in some winters and not in 
others. 

The rainfall in California is conditioned upon the pres- 
sure distribution over the Pacific to the west and also 
over the Great Basin and plateau region of western 
United States. In winter what may be called the North 
Pacific statistical anticyclone is at a minimum, and 
coincidently ‘therewith the statistical anticyclone of the 
Great Basin is at a maximum. While the intensity of the 
latter by reason of being over the continent can be pre- 
cisely delimited each winter, its oceanic counterpart is 


‘practically unknown. 


It seems reasonable to endeavor to connect, as Doctor 
McEwen has attempted to do, the North Pacific statis- 
tical anticyclone with the weather in the United States. 
The descriptive term ‘statistical’ is used to connote a 
pressure formation that is based upon the average pres- 
sures Lowe a period longer than 24 hours, generally for a 
month. 


! Lehrbuch der Meteorologie dritte auflage seite 629. See also Georgii, Walter: Wet- 
‘orhersage. Dresden, 1924. 


? Met. Zeit. 42: 217-225, Wiese W, studien uber die Erhaltungstendenz der mittleren 
monatlichen Temperaturanomalien, 
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A study has been made of the monthly mean pressures, 
the prevailing winds, and their average speed for the two 
Pacific stations, Midway Island and Honolulu, also for the 
California coast stations with a view of discovering wheth- 
er these marginal stations of the North Pacific statistical 
anticyclone show any evidence of fluctuations which 
might reasonably be ascribed to changes in the intensity 
or the geographic position of the latter. The result is a 
negative one, although it may be mentioned that the 
coastal stations give evidence of a continental rather 
than an oceanic control. 

Anticyclones, whether of the daily eee or the 
statistical sort, have a clearly recognized tendency to 
move equatorward and thus to successively pass into 
warmer and warmer regions. The winds in these forma- 
tions blow outward at the surface and unless there is a 
corresponding inflow aloft, of which the evidence is either 
vague or lacking entirely, the anticyclone as such must 
carry within its organization the seeds of early dissolu- 
tion. 

Following the line of thought in the scare para- 

aph, we are led to the conclusion that high pressure in 
the North Pacific statistical anticyclone in August, let us 
say, will not endure as such beyond a month or so at the 
utmost, and can not therefore be a significant factor in 
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the weather of the Pacific coast six months later. This 
is not said with an air of finality, but rather it is what 
the writer’s study and experience would lead him to 
expect. 

e method of correlation coefficients does not yield 
significant results, nor could it be expected to do so, 
because no representative station les within the central 
portion of the anticyclone we are considering. The 

eatest obstacle to reaching an early decision as to the 
influence of the pressure in late summer upon the weather 
of western United States six months later is the lack of 
pressure observations in the northeast Pacific or more 
specifically in the region included between the parallels 
of 35° to 50° north and the meridians of 135° to 170° west 
longtitude. Few ships wrt the central region of 
high pressure and the probability of an increase in the 
number of ships’ reportsis rather remote. Whatis needed 
is an exploring vessel to cruise in the region above out- 
lined taking and reporting by radio, meteorogical obser- 
vations daily for a period of, say, five years. More 
usable information will thus be accumulated than will 
be obtained in the next 50 years if we depend upon the 
voluntary taking of meterorological observations by 


what few ships navigate this area. 


THE RAIN-BEARING WINDS AT ATLANTA, GA. 
By Cuarues F. von HERRMANN 
{Weather Bureau, Atlanta, Ga.) 


If almost any one in the eastern part of the United 


' States be asked the question, “From what direction does 


the wind mostly blow during rain?” the answer will 
almost invariably be: ‘From an easterly direction, and 
when the wind shifts to northwest the weather will soon 
clear.”” However, in meteorology as well as in other 
sciences in order to be sure that a statement of this kind 
is correct we must have exact measurements. The 
most recent textbooks on meteorology do not discuss the 
subject of the rain-bearing winds in any detail, nor do the 
very complete reports on The Climate of Baltimore, by 
Fassig, and on the Weather and Climate of Chicago, by 
Cox and Armington, contain any information on this 
subject. Therefore it was thought worth while to investi- 
gate the matter carefully for a representative eastern 
station such as Atlanta. 


Automatic hourly records of precipitation are available 


at Atlanta for the 20-year period from 1905 to 1924 
inclusive, all taken at the same locality. The recor 
includes the winter season. The occurrence of snow at 
Atlanta is so rare that on the few occasions when snow 
has fallen without melting as it fell the hourly amounts 
were estimated with a fair degree of accuracy and these 
estimates have been included to make the record complete. 
Accordingly the amount of rainfall for every hour, 
including traces, together with the prevailing direction of 
the wind during each hour and its velocity have been 
assembled tor the entire period and tabulated by months 
and years. 

Summarizing these results in Table 1, the hourly rain- 
falls and the corresponding prevailing hourly wind 
directions at the time of the rain, are given in percentages 
of the total, for eight wind directions, together with the 
mean velocities for the same directions. e total num- 

_ ber of rain-wind hours for the 20 years is 19,311, the total 
rainfall 968.01 inches, and the mean wind velocity during 
rain-wind hours 9.7 miles per hour (against a mean 
velocity for all winds of 11.1 miles per hour), with the 


elevation of the anemometer always at 216 feet. The 
wind was calm during rain only three or four times during 
the period, and in these few instances a wind direction 
was assumed corresponding to the direction recorded 
during the preceding hour. 


TaBLE 1.—Prevailing winds, amounts of precipitation, and average 
wind velocities during hours with rain 


Amounts | wind velo- 
Direction Percent | 0 Preci- cities 
pitation (means) 

(per cent) 


The necessity for exact measurements is at once shown 
by the results of the investigation, for the answer given 
by the layman to the question, ‘What are the rain- 
bearing winds?” turns out to be only partially correct. 
For while the largest amounts of precipitation do occur 
with east and southeast winds, it happens that northwest 
winds are next in order and not last. In fact during 
May, June, possibly July, and August the greatest rain- 
fall occurs with northwesterly winds and not with 
easterly winds. The exact results have considerable 
importance in making local weather forecasts for Atlanta 
and will be given in some detail here. 

Results.—The most frequent direction of the wind at 
Atlanta during rain is east (22.4 per cent), but the largest 
amount of precipitation occurs with southeast winds 
(20.3 per cent). Northeast, east, and southeast winds 
together constitute 55 per cent of the rain-bearing winds, 
and the amount of precipitation is 50 per cent of the 
total. Next to the east and southeast, however, the 
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most frequent direction is northwest (11.5 per cent) and 
the greatest total rainfall 13.8 per cent. . 

Apparently the driest winds are from the north, but 
for certain topographical reasons north winds are infre- 
quent at Atlanta. The really wind is the south- 
west, 7.6 per cent, and total rainfall 8 per cent. 

The explanation of these results appears to be quite 
simple. ost of the rains in winter are of cyclonic 
origin and chiefly accompany barometric depressions that 
move from the southwest, or mostly from Texas, toward 
the northeast either over or north of Georgia; therefore 
the rainfall occurs chiefly with east to southeast winds. 
On the other hand a majority of the disturbances that 
move eastward across the Ohio Valley or Lake region 
cause much less precipitation in Georgia; the winds then 
remain east or southeast for only brief periods and the 
southwest becomes the nee wind and is com- 
“cain a dry wind. But why does so much rain 
all with northwest winds in summer? Probably be- 
cause most of it accompanies thunderstorms. During 
the approach of thunderstorms, nearly always from a 
westerly direction, the wind may be for a brief period 
from the east or southeast, but there is generally little 
rain until the outrushing westerly or northwesterly wind 
sets in; in fact during many thunderstorms the wind is 
ag 4 northwest during the entire time rain continues 
to fall. It is to be observed also that not only are the 
rain-bearing winds northwest in summer but they are 
not even as as the north or southwest winds during 
any season of the year. 

e annual average wind velocity at Atlanta, all 
records considered, at the present elevation of the ane- 
mometer is 11.1 miles per hour. The average velocities 
for only the southeast, west, and northwest rain-bearing 
winds exceed this, being respectively: Southeast, 11.5 
miles per hour; west, 11.8 miles per hour; and north- 
west, 11.7 miles per hour. 


TaBLE 2.—Monthly percentage frequency of rain-bearing winds ai 
Atlanta 


Direction | Jan. | Feb.|Mar.|| Apr.| May|Junel| July| Aug.| Sept. | Oct. |Nov. Deo, Year 
North.....- 2.5) 3.2) 24) 3.5) 4.6) 3.2) 5.2) 7.3/) 5.9) 5.3] 29) 39 
Northeast..| 9.9} 15.9] 10.4)) 9.1) 8.0} 7.7) 9 20. 19. 9.7) 13.3)) 11.9 
29. 9} 27.3) 21.7)| 17.4) 20.8) 15.4!) 12.5) 12. 25. 24.3) 24.5 25. 7) 22.4 
Southeast 17. 21.0} 23.2!) 21.8} 22.9) 13.9]] 24.3} 19.1) 16. 20.9) 22.0) 22.8) 20.7 
South...._. 9.4] 11.0) 13.4) 14.6) 10,2!) 14.2) 12.7} 8.3) 12.11 10.1) 108 
Southwest..| 4.7] 6.2/! 10.6] 8.2) 12.8]/ 12.91 13.2) 65. 3.9) 5.4 6.4) 7.6 
12. 5.7| 7.3)| 12.1) 10.4) 17.0)) 14.1) 14.2) 6.6) 9.7 9.3) 10. 2 
Northwest -| 14.9] 12.8] 16.1)! 13.2) 11.6) 16. 11.1] 13. 8. 10.3) 11.3 12.5 


The total amounts of precipitation with each rain- 
bearing wind do not follow quite the same course, though 
very nearly so. Table 3 gives the amounts of precipita- 
tion with each direction in percentages of the total 


_Tainfall. 

TaBLe 3.—Monthly percentage of the total rainfall for each wind 
direction 

Direction | Jan. | Feb./Mar.|| Apr.|May June] July} Aug.| Sept. || Oct. [Nov |Dec.|| Year 
North... ___ 5.4] 5.3) 4.7/] 3.3) 3.2) 4.21 4.1) 7.51) 5.7] 48] 49 
Northeast. .| 13.1| 18.7| 9.6|| 8&5) 16.6] 6.6] 9.4| 13.8|| 21.8] 12.4] 13.0), 12.2 
29. 5| 20.4/ 17.1)| 13,9) 16.3) 11.9]) 12.4] 12.6} 18.6]| 20.6) 17.5} 20.2)) 17.6 
Southeast_.| 15. 8| 23.0| 24. 22.8! 17.0) 11.4]| 27.3] 13.2} 21.4] 16.5) 25.5) 23.9) 20.3 
5.7| 11.1) 14.6) 15.8) 16.6) 7. 13.7] 16.5) 6.9) 15.6) 13.7) 124 
Soutwest.../ 6.5| 7.2) 11.21! 10.3} 11.1) 7.7) 5&3) 6.5!) 80 
9.1) 88) 12.4] 13.4) 14.4] 13.6) 14.5, 9.4} 9.9) 7.1) 108 
Northwest _| 16.9 14.0, 13.8 18, 11.9} 18.6) 14.4 13.8 
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The data given in these tables are represented graphi- 
cally by Figure 1 for the | phon or directions and 
Figure 2 for the amounts of precipitation and mean 
wind velocities. 

The differences between the winter and summer 
months is rather striking, as shown by the diagrams for 
each month and by Table 4. In January the maximum 
percentage of precipitation occurs with east winds 
(29.5 per cent); for the directions northeast, east, and 
southeast the total amount is 58.4 percent. In February 
the largest amounts occur with southeast winds (23 per 
cent), although the total for the three directions, north- 
east, east, and southeast, is still the greatest, namely, 
62.1 per cent. In March and Apuil the maximum rain- 
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Fia. 1.—Hourly frequency of rain-bearing winds at Atlanta, Ga., for the 20-year period 
1905-1924, in percentages of the annual total number of wind directions registered 
during precipitation 


fall has shifted to the southeastern quadrant. In Ma 

the largest amounts occur with northwest winds, al- 
though the southeast quadrant still retains the maximum 
total for three directions. But in June the shift to west 
is complete: Northwest, 18.6 per cent and southwest, 
west, and northwest, 44.2 percent. August is identical— 
northwest, 18.6 per cent, and southwest, west, and north- 
west, 44.2 percent. But the intermediate month of July 
is peculiar, for although the maximum precipitation in 
July occurs also with northwest winds (17.6 per cent) 
the southeastern quadrant again shows a maximum 
for three directions. But this result is entirely due to 
the fact that during July, 1916, a series of cyclonic de- 
pressions psa, 8 storms) from the southwest 
caused unusually heavy rains, with continuous south- 
east winds for nearly four days (95 hours southeast, 
with 7.66 inches of rainfall, the number of hours south- 
east is more than one-third of the total number of 
times the wind was southeast during the entire 20- 
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year period.) Omitting July, 1916, the record becomes 
quite similar to that for August. 

In September and October there is a. backward swing 
to maximum rainfall during easterly winds, Septemben 
northeast, east, southeast, 53.8 per cent, and October 
northeast, east, southeast, 58.9 per cent, with even the 
maximum as far around as northeast in October, namely, 
21.8 per cent; but during November and December the 
heaviest rains again occur with southeasterly winds. 

The most frequent rain-bearing winds for the year are 
northeast, east, and southeast, with a total of 62.1 per 
cent in February, and the driest winds are south, south- 
west, and west, with 19.3 ee cent in January. 

It is rather remarkable that the intensity of the rain- 
fall is so nearly the same for each direction of the wind, 
ranging only from 0.04 inch an hour during east winds 
to 0.06 per hour during northwest winds, with an average 
for all other directions of 0.05 inch. Excluding “ traces,” 
the hourly intensity (total rainfall divided by the num- 
ber of hours with 0.01 inch or more) is 0.08 inch. 


TaBLE 4.—Wind directions with which occur the average maximum 
and the average minimum percentage of the total monthly precipita- 
tion, 12 months, Atlanta, Ga., together with direction of rain- 
bearing wind showing average maximum velocity 


Rainfall and wind directions Direction showing 
average maximum 
wind velocity 

Maximum percentage | Minimum percentage (m. p. h.) 


29.5 SW., 4.5 
NE.+E.+8E., 584...| 8.+8W.+W., 146. 


E.4+SE.+5S., 55.7...... N-+NW.4W., 14.2. 


E.+SE.+5., 62.5...... NW.+N-4NE., 13.0. 
49.9....-- E.+NE.+N., 26.6....\f" 12:3: 
44.2.| 30.1... 14 
N.+NE.+E., 186. 


E 

NE.+E.48E., 538...| 8.+SW.+W., 243... 10.7 
E., 21. Nw 5.7 SE., 11.1. 

NE.+E.+8E., 589..., 8.+8W.4W., 235... 


December... 67.8......| W- and SE.,13.2. 


Maximum wind velocities during rain.—The record of . 


maximum velocities during rain shows a very pronounced 
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crest for west and northwest winds. Of the total number 
of maximum velocities exceeding 24 miles an hour 
during precipitation 52 per cent occurred with west and 
ee winds and 30 per cent with east and southeast 
winds. 

During the sep of 20 years from 1905 to 1924 maxi- 
mum wind velocities exceeding 24 miles an hour with 
and without rain occurred 10,761 times. Computed in 
percentages of the monthly totals, it appears that 72.6 
per cent of the maximum winds occurred without pre- 
cipitation, and 27.4 per cent. during rains. But the 
distribution by months is rather peculiar and bears out 
the explanation why the maximum rainfall occurs during 
summer with northwest winds. During the period from 
September to May, inclusive, the percentage of maxi- 
mum winds occurring without precipitation is 83.2 
a cent and with precipitation, 16.8 per cent, while 

uring the three summer months the percentage of 
maximum winds without rains is only 41, and with 
rains 59. The fact may also be noted that considering 
the extremes of wind movement or the highest velocities 


- for each month of the year at Atlanta (1879-1924) only 


four, those for January, July, August, and December, 
were dry winds; during the remaining months of the 
ear the highest velocities all occurred while rain was 
alling, including the maximum velocity registered, 
namely, 66 miles northwest, March 24, 1909. 

Duration in hours of rain-bearing winds.—A study of 
the duration in consecutive hours of rain-bearing winds 
at Atlanta shows that during precipitation the winds 
are extremely variable. On the average during the year 
the wind blows from the east for only three consecutive 
hours and from all other directions for only two consecu- 
tive hours. The maximum average for single months is 
only 4 hours with east winds during January, February, 
si § November. A summary ef the total consecutive 
hourly periods shows that 88 per cent of the rain-bearing 
winds last for only 1, 2, or 3 consecutive hours, and only 
1 per cent for over 12 hours. There are, of course, a 
few extreme records, as for example: east winds, Febru- 
ary, 1908, 42 consecutive hours with, however, only 1.22 
inches of precipitation; east winds, March, 1909, for 
25 hours with 2.20 inches of precipitation, and southeast 
winds in July, 1916, for 38 hours with 4.27 inches of 
precipitation; but these are the only cases on record in 
20 years when the rain-bearing winds lasted for more than 
24 im from the same direction. 


NOTES, ABSTRACTS, AND REVIEWS 


PRECIPITATION IN THE FORM OF ICE SPICULES AT 
TEMPERATURES NEAR FREEZING 


By Frep H. Weck 
(Springfield, Hlinois) 


On Saturday, November 7, 1925, there occurred at 
Springfield a light fall of snow that was somewhat out of 
the ordinary. 

_ It had been raining all day and the pressure started to 
nse at 4:00 p. m., with the wind changing from northeast 
to northwest. At 6.25 p- m., with a temperature of 
34°, small irregular-shaped particles of ice began falling 
with the rain. It was sleet. About 7:45 p. m., the 
temperature being 29°, the sleet was mixe with ice 
teedles. They were examined at intervals until about 
8:30 p. m., when all the precipitation falling was in the 
form of the spicule, the temperature having fallen to 27°. 
They were observed under a glass and were found to be 


of different lengths, some of them nearly one-sixteenth 
inch long, but most of them approximately one thirty- 
second inch or less. They were neither clear nor per- 
fectly white, but when piled up looked at a distance of 
a few feet like ordinary snow. Each needle had very 
minute feathery projections on the sides. Care was 
taken to find some hexagon-shaped flakes but none 
were discovered. * * * 


The above observation was submitted to.Mr. Wilson 
A. Bentley, of Jericho, Vt., who commented as follows: 


I have observed and photographed the ice spicule form of snow 
crystal, many times here in Jericho, although they are relatively 
rare. They usually fall during mild temperature and always, so 
so far as I have observed, from low-lying clouds. They seem very 
similar to the needle form of cloud frost that forms apparently 
from cloud droplets, and attach themselves to tree twigs, etc., on 
mountain tops. My belief is that this form of snow crystal is 
subcrystalline in nature, and due to the joining of many fluid 
cloud droplets one to another to form a rod-shaped ice spicula. 
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Milham says: 


If the temperature is very low—at least below zero Fahrenheit— 
fine ice needles are formed instead of snowflakes.' 


In Davis’ Elementary Meteorology we read: 


When precipitation occurs in the polar regions at temperatures 
lower than —5° to —10° small ice needles and not snowflakes are 
formed.? 


The observation on November 7, and Mr. Bentley’s 
experience, show that the ice needle form of snow crystal 
does occur at temperatures considerably higher than 
is generally supposed. * st 


Pi1YSICAL OCEANOGRAPHY AND MARINE METEOROL- 
OGY OF THE PACIFIC 


At the Scripps Institution of Oceanography, La Jolla, 
Calif., on November 6 and 7, 1925, was held a conference 
for the discussion of the bearing of the physical oceanog- 
raphy and marine meteorology of the Pacific upon the 
climate of the western United States. Dr.T.W. Vaughan, 
Director of the Scripps Institution, outlined in effect the 
objects of the conference as follows: 


The object of the conference is to bring together for mutual 
benefit representatives of those interested in the study of the 
physical features and the meteorology of the northeastern part of 
the Pacific and those wishing to apply results of such studies to 
investigations of the climate of the western part of the United 
States. Special attention is directed to the problem of fog fore- 
casting and seasonal rainfall forecasting. herefore representa- 
tives of the United States Navy, Coast and Geodetic Survey, 
Weather Bureau, of those engaged in hydroelectric power develop- 
ment, the use of water for irrigation, farm management, and forest 
protection were invited to join with the institution staff to consider 
problems of mutual concern. * * * ‘The conference should 
also help prepare the American representatives for their part in 
the science congress to be held in Japan during October and 
November, 1926. 


Progress in obtaining ocean water temperatures in the 
Pacific was outlined by Dr. G. F. McEwen, an abstract 
of whose paper follows: 


PRELIMINARY REPORT ON OCEANOGRAPHIC OBSERVATIONS FUR- 
NISHED BY THE UNITED STATES NAVY DURING RECENT MANEU- 
VERS IN THE PACIFIC 


A program was planned involving hourly measurements of sea 
temperatures by means of thermometers already attached to con- 
denser intakes for the use of engineering departments. Opportu- 
nities were provided for calibrating the thermometers with which 
the destroyer fleet of 30 ships are equipped. During the maneu- 
vers of the fleet in the Pacific from April to October, 1925, over 
22,000 temperature observations were made, over 1,000 water 
samples, and about 260 plankton catches were collected. During 
April there were 6,400 temperatures and 400 water samples taken 
on a cruise from San Diego southwest 200 miles to Guadaloupe 
and return; San Francisco to Hawaii, 7,500 temperatures and 650 
water samples; Hawaii to Australia and New Zealand, returning 
by way of Samoa, 6,600 temperatures, 160 water samples, 200 
plankton catches. A preliminary examination of part of the data 
indicated a very good agreement between the results. Such 
intensive data are well suited to give detailed information on hori- 
zontal temperature gradients of interest in certain meteorological 
problems. Such information also constitutes a basis for estimating 
the rate of flow in ocean currents. The practicability of making 
such observations having been thus demonstrated, similar pro- 
grams will probably be arranged in the future, thus providing an 
ever-increasing amount of intensive observations and collections 
at the surface that could not be obtained in any other way. 


The outlook for solving the problem of fog forecasting 
was discussed by Mr. Dean Blake, to. in of the 
San Diego station of the Weather Bureau, who pointed 
out that correlation of data from land, sea, and air may 
yield rules that should improve the gg of accu- 
racy of fog predictions. Maj. E. H. Bowie, district 


i Milham’s p. 241. 
3 Davis’ Elementary Meteorology, p. 286. 


on Forestry Problems.’ 


NovemMper, 1925 


forecaster at San Francisco, dealt with “The Northeast 
Pacific Anticyclone and Its Relation to California 
Climate.”” Doctor McEwen reviewed his work of the 
@ast nine years on the relation between ocean tempera- 
tures and seasonal rainfall. (See his paper in this 
Review.) A. Wilstam, of the southern California 
Edison Co., in a paper on the application of Doctor 
McEwen’s iediinal’: rainfall forecasts to forecasting the 
= water supply for hydroelectric plants, showed 
that: 


The summer ocean temperature data supplied by the Scrip 
Institution are found to closely enough correlated with the 
following seasonal rainfall to be given consideration in preparin 
the yearly budget of the Southern California Edison Co.; ‘ to 8 
indications out of 9 have proved to be in the right direction. 

Edgar Alan Rowe discussed “The Value of Long Range 
Rainfall Forecasting to Irrigation and Water Supply 
Projects in Southern California from an Engineering 
Standpoint”; James G. France, “Seasonal Forecasti 
and its Value to the Agriculturist in San Diego County”; 
and J. E. Elliott, ‘‘Seasonal Horecesting and its Bearing 

Abstracts of the four papers 
last mentioned appear in the December, 1925, issue of 
of the American Meteorological Society.— 


TORNADO NEAR SALEM, IN THE WILLAMETTE VALLEY, 
OREG. 


Mr. E. L. Wells, meteorologist in charge of the Port- 
land, Oreg., station of the Weather Bureau, sends a de- 
tailed account of his investigations into the reported 
occurrence of a tornado in the Willamette Valley on No- 
vember 11, 1925. The following paragraph gives his 
conclusions: 


It is quite evident that the storm was a rather poorly defined 
tornado, which reached the ground at a few places in a path 
extending from a point north of Independence to a point in the 
Liberty district, southwest of Salem, a distance of about 5 miles; 
at no place was the path well outlined, as for the most part dam- 
age was confined to old, weak structures, and others escaped in- 
jury; the destruction was mostly confined to the right side of the 
path, where the whirl was moving in the same direc‘ion as the 
bane storm, and therefore most of the wreckage was carried for- 
ward. 


Mr. Wells states that this appears to be the first tor- 
mat ns west of the Cascade Range in Oregon.— 


METEOROLOGICAL SUMMARY FOR SOUTHERN SOUTH 
AMERICA, NOVEMBER, 1925 


By Senor J. B. NavARRETE 


[El Salto Observatory, Santiago, Chile] 
[Translated by B. M. V.] 


The month of November was characterized in general 
by a relatively stable condition of the atmosphere, in 
which the southern anticyclone was frequently the dom- 
inating feature, favorifig rising temperatures and hot 
waves in the central zone. 

The early days of the month had generally good 
weather, but with violent winds between the coasts of 
Chiloe and Arauco, with fairly high temperatures in the 
interior of the Provinces of Aconcagua, Santiago, O’Hig- 
gins, Colchagua, Curico, and Talca. The high-pressure 
center was situated during this period between Chiloe 
and Cape Raper, fluctuating about a mean value of ap- 
proximately 770 mm. (1,026 mb.). 


t 
b 
t 

d 


si 


ve its 
pe 
Wi 
wi 
of 
r 
of 
acc 
title 
most 
their 
I 
Nagac 
A 
R 
Barbé, 
Cli 
] 
ew 
Wi 
( 
I 
Boerem 
Vit 
8 
2 
h 


oot 


NoveMper, 1925 


On the 11th, an important atmospheric depression 
appeared in the west and affected the southern zone, 
causing bad weather with violent winds and rain be- 
tween Concepcion and Chiloe Provinces. This was the 
beginning of a period of frequent atmospheric changes in 
the southern zone which lasted until the 23d; depres- 
sions succeeded one another at intervals of two to four 
days as they crossed the southern area. gee: this 

eriod, temperatures were moderate in the south and 
igh in the central zone where fine weather was per- 
sistent. 

On the 24th the southern anticyclone reestablished 
itself and lasted until the end of the month; during this 
period general fine weather prevailed, with southerly 
winds; the temperature rose rapidly, causing intense hot 


waves in the central zone, with maximum temperatures 
of 33° ©. (91° F.) in the shade. 


METEOROLOGICAL SUMMARY FOR BRAZIL, 
_ NOVEMBER, 1925 


By J. pp Sampaio Ferraz 
(The Meteorological Office, Rio de Janeiro) 


The country was visited by four anticyclones the tracks 
of which were irregular and abnormally far south on 
account of the activity of the continental Low. 

The first two HIGHS appeared in the Argentine on the 
9th and 12th respectively, both deflected to a southerly 
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track by the continental depression. From the 13th to 
19th this system dominated the whole center and south 
of the continent. 

The third anticyclone made its appearance on the 20th, 
following the usual northeastern track, with “surges.” 
The last nie, the largest of the month, was first seen on 
the chart of the 24th, bringing down the temperature 

enerally and producing fresh winds in the south on the 
Both, 26th and 27th, on account of the strong contrast in 
pressure between it and the continent Low, whose 
ae vigorous activity was the leading feature of the 

onth, 
Ou were generally plentiful in the center and south, 
excepting in Bahia, although irregular in distribution in 
some States. In northern Brazil precipitation was 
below normal, perhaps because of the southern position 
of the tracks of the anticyclones. Rio de Janeiro had a 
cool, damp, and unsettled November: On the 29th the 
city was struck by a passing _ 

Crops were generally good. Cotton harvesting con- 
tinued, but the crop was less plentiful than in the pre- 
vious year. Coffee, as indicated by actual yield,wili not 
give a normal crop, having suffered from earlier drought 
conditions, although the weather of the present mont 
ran favorably. Cane,cocoa, and tobacco were in good 
condition, but slightly damaged in the north by rain 
deficiency. 


BIBLIOGRAPHY 
C. Frrznven Tatman, Meteorologist in Charge of Library 


RECENT ADDITIONS 


The following have been selected from among the 
titles of books recently received as representing those 
most likely to be useful to Weather Bureau officials in 
their meteorological work and studies: 


Aircraft development corporation. 


Metalclad airships. A Proposal to the United States govern- 
ment from the Aircraft development corporation .. . 
Detroit. 1925. 37 p. plates (part fold.) 29 cm. 


Nagaoka anniversary volume. 
Anniversary volume dedicated to Prof. Hantaro Nagaoka, 
by his friends and pupils on the completion of twenty-five 
ears of his professorship. Tokyo. 1925. xvi, 422 p. 
26 cm. [Contains articles of meteorological 
nterest. 


Antevs, Ernst. 


Retreat of the last ice-sheet in eastern Canada. Ottawa. 
1925. iii, 142 p. figs. plates (part fold.) 25 cm. 
Le poe Dept. of mines. Geol. surv. mem. 146. No. 126, 
geol. ser. 


Barbé, M. G. 
Climatologie de la région du Rhin. Paris. 1924. 33 p. 
plates. 31cm. (Mem. Off. nat. mét. de France. No. 8.) 
Bindewald, Hilmar. 


Winde und Niederschlige im Klima des Damaralandes. 
Giessen. 1925. [4 p.] 21 em. (Dissert. der Hessischen 
Ludwigs-Universitét zu Giessen. 1924.) [Manifolded.] 


Boerema, J. 


Uitbreiding van regenbuien te Batavia. (Extension of rain- 
showers at Batavia.) Weltevreden. 1925. 54 p. figs. 
274 cm. (K. Mag. en met. observ. te Batavia. Ver- 
handelingen. No. 15.) 


Clayton, H. H. 

Les variations de la radiation solaire et le temps. Paris. 
1925. 28 3 figs. 31 cm. (Mem. Off. nat. mét. de 
France. o. 

Cook, William C. 

Climatic variations and moth flight at Bozeman. p. 229-234. 
27 cm. (Exc.: Canadian entom., Oct., 1924.) 

Distribution of the alfalfa weevil posticus 
Gyll). A study in physical ecology. ashington. 1925. 
p. 479-491. figs. 33cm. (Repr.: Journ. agric. research, 
v. 30, no. 5. ashington, Mar. 1, 1925.) 

Diehl, Walter S. 


Standard atmosphere—Tables and data. Washington. 1925. 
28 p. 29cm. (Nat. adv. comm. aeron. Report no. 218.) 


Engineers study tornado forces. p. 14-16. illus. 28} cm 
{Extr.: Illinois cent. mag., Chic., Sept., 1925.] 


Fabry, Charles. 

Ozone as an absorbing material for radiations in the atmos- 
phere. 20 p. figs. plate (fold.) 23 cm. (Mass. inst. 
tech., Bull. v. 60, no. 56, Jan., 1925. Contrib. Rogers lab. 
physics, ser. 2, no. 24.) [Repr.: Journ. math. & physics, 
v. 4, no. 1, Jan., 1925.]z 


Gregg, Willis Ray. 
Aeronautical meteorology. New York. [c1925.] xii, 144 p. 
illus. maps. diagrs. plates. 22 cm. 
Hellmann, G. 


Grenzwerte der Klimaelemente auf der Erde. p. 200-215. 
254 cm. (Sitzungsber. preuss. Akad. der Wissensch. 11. 
1925. Sitzung phys.-math. Klasse vom 26. Marz.) 


Die Verbreitung der Hydrometeore auf der Erde. p. 285-298. 
254 cm. (Sitzungsber. preuss. Akad. der Wissensch. 15. 
1925. Sitzung phys.-math. Klasse vom 30 April.) 
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Kolhérster, W. 

Die durchdringende Strahlungin der Atmosphare. Hamburg. 
1924. 72 - figs. 23} cm. (Probleme der kosmischen 
Physik. o. 5.) 

Kwangtung. Agric. and forestry exper. station. 

Meteorological record, 1921, by weather bureau. n.p. on. d. 

51 p. figs. 26cm. 


Lindholm, F. 
Exploration de la haute atmosphére par avion. Résultats 
d’une campagne de sondages aérologiques en Suéde. Ap- 
plication aux records d’altitude. 4 p. illus. 313 cm. 
(Extr.: Revue de l’aéronautique, no. 72, mai 1925.) 


Temperaturens och lufttaithetens variation med hédjdens 


{[Uppsala. 1925.] p. 51-69. illus. 23 cm. (Artilleri- 
tidskrift. 54:e arg. Haft 2-3.) 


Liihe, Paul.- 
Das Klima von Wilhelmshaven. Hamburg. 1925. 26 P. 
diagr. 29 cm. (Archiv der deutschen Seewarte. 42. 
Jahrg. 1924. Nr. 3.) 


Meinardus, W. 

Neue Mitteltemperaturen der héheren siidlichen Breiten. 
12p. fig. 23em. (Nachrichten der h. Wissensch. 
zu Géttingen. Math.-phys. Klasse. 1925.) 

Miller, M. F., & Duley, F. L. 

Effect of a varying moisture supply upon the development 

and composition of the maize plant at different periods of 

owth. Columbia. 1925. 36 p. figs. plates. 23 cm. 

Univ. Mo., Coll. agric. Agric. exp. sta. Research bull. 76.) 
Montessus de Ballore, R. de. 

Les courbes de Gauss dissymétriques et leur application & 
étude des phénoménes météorologiques. Paris. 1924. 
17 p. illus. 31 em. (Mem. Off. nat. mét. de France. 
No. 9.) 

Montessus de Ballore, R. de., & Duarte, F. J. 

Table & 12 décimales de log n. pour toutes les valeurs de n 
de 1 a 1000. Applications 4 l’étude des statistiques. 
Paris. 1925. 33 p. 31 cm. (Mem. Off. nat. mét. de 
France. No. 10.) 


Pfeiffer, Robert. 

Die Verteilung der Jahreszeiten im tropischen nordiquato- 
rialen Afrika. [3 p.] chart. 33 cm. (Auszug Inaug.- 
Dissert. Giessen. 1920.) 

Shaw, Sir Napier. 

Weather map. Sixth issue. An introduction to modern me- 
teorology. London. 1925. fold.) 154 
em. (Air ministry, Met’! office. . O. 225i. 

Taber, C. A. M. 


Cause of warm and frigid periods. Boston. 1894. 80 p. 
plates. 20 cm. 


RECENT PAPERS BEARING ON METEOROLOGY 


The following titles have been selected from the con- 
tents of the periodicals and serials recently received in 
the library of the Weather Bureau. The titles selected 
are of papers and other communications bearing on 
meteorology and cognate branches of science. This is 
not a complete index of all the journals from which it 
has been compiled. It shows only the articles that 
appear to the compiler likely to be of particular interest 
in connection with the work of the Weather Bureau. 


American meterological society. Worcester, Mass. v.6. 1926. 


Kincer, J. B. Protecting orchards from frost. p. 118-122. 
(Aug.—Sept.) 
Nunn, Roscoe. World weather maps. p. 113-117. (Aug.— 


Sept.) 

Van Cleef, Eugene. Do weather conditions influence radio? 
p. 137-138. (Aug.—Sept.) 

Drought and heat in the southeast. 151-155. (Oct.) 

Fergusson, S. P. Meteorology of the total solar eclipse of 
1925. p. 141-150. (Oct.) 

Does it ever get too dry to rain? p. 155-166. 

ct. 

Nunn, Roscoe. Summer showers that perplex meteorologists. 

p. 156-159. (Oct.) 


NovemMser, 1925 


Archives des sciences physiques et naturelles. Geneve, v. 7. Sep- 
tembre-octobre 1925. 
Klingelfuss, Fr. Sur la question de la rigidité diélectrique de 
Yair. 337-840. [Abstract.] 
Stager, A. Sur l’électricité des poussiéres. p. 335-337. 
[Abstract.] 


Arkiv fér matematik, astronomi och fysik. Stockholm. Band 19. 
Hafie 2. 1925. 

Backlin, Erik. von Pyrheliometerkonstanten 

Institute der Universitat Uppsala. no. 


Biacklin, Erik. Uber die Konstanz der Angstrémschen 
Pyrheliometerskala. no. 18. 8 p. 


Astronomie. Paris. 39. an. Novembre 1926. 
Antoniadi, E.-M. Les variations d’intensité de la radiation 
calorifique du soleil. p. 497-501. [Variations in solar 
radiation compared with variations in Martian polar caps.] 


Ss zur Physik der freien Atmosphdre. Mtinchen. Band 12. 
1926. 


Koschmieder, Harald. Theorie der horizontalen Sichtweite. 
p. 33-55. (H. 1); p. 171-181. (H. 3.) 

Hesselberg, Th. ie Gesetzte der a atmosphir- 
ischen Bewegungen. p. 141-160. (H. 3.) 

Travitek, Ferdinand. Schwankungen der Luftdruckverinder- 
lichkeit, ihre Abnahme mit der Héhe und deren Beziehung 
zur Phasendifferenz und dem Amplitudenverhiltnis primarer 
aperiodischer ckwellen. p. 161-170. 


California citrograph. Los Angeles. v.11. December, 1925. 
Rainfall for 1925-26 season predicted by McEwen. p. 42. 


Deutsche a Aus dem Archiv. Hamburg. 42. Jahr gang, 
nr. 2. 1928. 
Seilkopf, Heinrich, & Stiive, Georg. Ergebnisse von Héhen- 
windmessungen auf dem Nordatlantischen Ozean und im 
Golf von Mexico, Februar bis Mai 1923. 


——_ Académie des sciences. Comptes rendus. Paris. t. 181. 
Dedebant. Sur l’isolement des tendances dynamiques dans 
les régions 4 forte variation diurne de la pression. p. 
225-226. (3 aoit.) 
Lejay, P. Les perturbations orageuses du champ électrique 
et leur propagation 4 grande distance. p. 678-679. (9 
novembre.) 


— institute. Journal. Philadelphia. v. 200. November, 
1926. 
Seemann, Herman E. Solar radiation during the total eclipse 
of January 24, 1925. p. 629-633. 


Heating & ventilating magazine. New York. v. 22. 1926. 


Fansler, P. E. The iso-degree-day chart. p. 73. (Sept.) 
mar and how not to use the iso-degree-day chart. p. 49-51. 
ov. 


Hemel en dampkring. Den Haag. 23 jaargang. 1926. 
Everdingen, E. van. Dr. Ch. M. A. Hartman. p. 273-276. 
(November.) [Obituary.] 
Visser, S. W. De theorie van de zijdelingsche bogen aan den 
grooten “ae volgens Bravais. p. 288-293. (November.) 
Everdingen, E. van. Wolken en weersverwachtingen. p. 
277-287. (November); p. 321-333. (December.) 
Everdingen, E. van. De cycloonachtige windhoozen van 10 
Augustus 1925. p. 306-316. (December.) 


Japanese journal of astronomy and geophysics. Transactions and 
abstracts. Tokyo. v.3 no. 1. 1926. 

Akiyama, Minesabur6é. On the origin of the penetrating 
radiation. 

Sakuhei. Bead and rocket lightnings? [Ab- 
stract. 

Hirata, Tokutar6. Preliminary observations on the evapora- 
tion of water from soil surface. p. (7)-(8). [Abstract.] | 

Kobayasi, Seigo. Coloured snow observed at Tékamati, 
Niigata Prefecture. p. (6). [Abstract.] 

Misawa, Katue. Second report on the glaze storm in Nagano 
Prefecture. p. (5)—(6). [Abstract.] 

Misu, Morisabur6. On casualties due to lightning in % 
mountain region. Ps (6). [Abstract.] 

Sekine, Yukio. On dust storms or whirlwinds of small scale. 
p. (4)-(5).  [Abstract.] 

Terada, Torahiko, Omae, Kenzaburé, & Mituhasi, Y6zir6. 
Effect of topography on gustiness of winds. p. 39-44. 
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Japanesi journal of astronomy and geographics. Transactions and ; ism and atmospheric electricity. Baltimore, Md. 
Tokyo. v. 3. 1. 1925.—Continued. v. 830. September, 1926, 


Terada, Torahiko, Omae, Kenzaburé, & Mituhasi, Yoziré. 
Effect of topography on gustiness of winds. p. (5). [Ab- 
stract.] 

Tokuyama, Genzir6. On the evolution of cyclones in the 

Japan Sea. p. (5). [Abstract.] 


- New York Times magazine. New York. December 13, 1925. 
Minnegerode, F. L. London’s perennial topic. p. 16. 
[Weather as a topic of conversation in England.) 
Sunspot. Santa Clara, Calif. v.11. November, 1926. 


Rescued from oblivion. 3-12. [Repr. Democrat & 
Chronicle, Rochester, N. Y., Sunday, July 12, 1925.] 
mee C. Maine and his system of forecasting weather 
rom sunspots.] 


Zeitschrift fir Gletscherkunde. Leipzig. Band 14. Heft 2/8. 
September, 1926. 
_ Briickner, Ed. W. Képpen und A. Wegener iiber die Klimate 
der geologischen Vorzeit. p. 149-169. 
Zeitschrift fiir Instrumentenkunde. Berlin. 45. Jahrgang. Sep- 
tember, 1926. 
Wigand, A. Die Messung der Sjcht mit den Sichtmesser. 
p. 411-416. 


SOLAR OBSERVATIONS 


SOLAR AND SKY RADIATION MEASUREMENTS DURING 
NOVEMBER, 1925 


TaBLEe 1.—Solar radiation intensities during November, 1925—Con. 


Madison, Wis. 
By Hersert H. Solar Radiation Investigations 
For a description of instruments and —<poee and an | 
account of the method of obtaini an: reducing the be iia 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° 70.7° | 75.7° 78.7° | Noon 
measurements, the reader is referred to the Review for : BAS 
January, 1924, 52: 42 and January, 1925,53:29. Date 75th ons 
FromTable 1 it is seen that solar radiation intensities a pepe ape solar 
averaged above the normal for November at Washing- sre r 
slightly below at Madison, Wis., and e. | 50 | 40 | 30 | 20 /110/ 20] 30 | 40 | 50] e 
? . 
Table 2 shows that the solar and sky radiation re- 
ceived on a horizontal surface averaged slightly below the —_Nov. 5 
normal for November at Washington and above nor- ul 
mal at Madison and Lincoln. 
At Washington skylight polarization measurements ear 
made on four days give a mean of 63 per cent, with a aR 
maximum of 66 per cent on the 9th. At Madison, meas- - anneae 
urements made on five days give a mean of 61 per cent Means <-=-22-- 
with a maximum of 66 per cent on the 20th. The values °°*"U-----|------ 
for Washington are close to the November averages, 
while those for Madison are somewhat below. 
Nov. 2. 
TaBLE 1.—Solar radiation intensities during November, 1925 phe 
Washington, D. C. 
{Gram-calories per minute per square centimeter of normal surface] Bona 
Sun's zenith distance 
a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 
Date Air mass Local 1 Extrapolated. 
solar 
time A.M. P.M time = TaBLE 2.—Solar and sky radiation received on a horizontal surface 
[Gram-calories per square centimeter of horizontal surface] 
e. | 50 | 40 | 3.0 | 20]11.0| 20 | 30 | 40] e. 
2.36 Week Wash- | Madi-| tin | Ohi- | Now || Wash-| Modi-| Lin- 
0.91 4.57 ington | son coln cago | York |) ington| son coln 
i. 19 1 cal cal cal. cal cal. cal cal 
1.19 3. 63 212), 261 161 152 —37 +25 +13 
0. 93 4. 57 NOW. 206 183 251 151 134 -17 +14 a9 
0. 2.16 BAe. 229 152 228 147 114 +53 +18 +26 
1.03) 1.23) 1.47) 1.21) 1,05) 0.92) 145 117 180 75 98 —13 -8 
+0. 04)-+0. 05)... 04-0. 07/-+0. 10/+0. 09)...... Excess or deficiency since first of year on Dec. —987 | +21 | —2,072 


magnetic and electric observations by the Carnegie insti- 1 
tution of Washington in connection with the total solar st 
eclipse of January 24, 1925. p. 125-246. as 
Dwight, C. H. A search for possible effects of weg Ly ee 
electric discharge upon the potential gradient. p. 101-110. 4 
Moidrey, J. de. Biographical sketch of Mare Deschevrens, j 
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WEATHER OF NORTH AMERICA AND ADJACENT OCEANS 


NORTH ATLANTIC OCEAN 
By F. A. Youne 


The following table shows the average sea-level pres- 
sure and departure for the month as wet as the highest 
and lowest barometric readings at a number of land 
stations on the coast and sale of the North Atlantic. 
The readings are for 8 a. m. 75th meridian time, and 
the departures are only approximate, as the normals are 
taken from the Pilot Chart and were based on Green- 
wich mean moon observations, which correspond to those 
taken at 7 a. m., 75th meridian time. 


| — D High Low 
age epar- - - 
Station pres- | ture est Date est Date 
sure 
Inches | Inches | Inches Inches 
St. Johns, 29.94 0.00 | 30.34 | 112th | 29.14 15th. 
30. 09 0.00 | 30.60 30th | 29.34 14th. 
30.17 | +0.05 | 30.44 15th | 29.70 13th. 
30.03 | +0.01 | 30.28 17th | 29.76 30th. 
30.15 | +0.04 | 30.56 17th | 29.74 12th. 
29.87 | —0.05 | 29.96 | 117th | 29.76 4th. 
30. 01 0.00 | 30.08 17th | 29.88 23d. 
30. 14 | +0.06 | 30.40 19th | 29.76 24th. 
30.05 | —0.07 | 30.42 9th | 29.70 2d. 
Lerwick, Shetland Islands_........- 29.90 | +0.20| 30.49 | 117th | 29.44 9th. 
Valencia, Ireland ................... 29.89 | +0.09 | 30.04 10th | 28.98 7th. 
29. 94 0.00 | 30.51 19th | 29.02 7th. 


1 And on other dates. 


The number of days with winds of gale force was not 
as large as in October, which was an unusually stormy 
month, and over the steamer lanes the conditions did 
not differ materially from the normal for November, 
as shown on the Pilot Chart. The most unfavorable 
weather occurred west of the 50th meridian, between the 
30th and 45th parallels, where gales were reported on 
from 3 to 8 days. In the 5-degree square that includes 
Tampico, Mexico, gales were reported on 4 days and in 
the square between the 25th and 30th parallels and the 
85th and 90th meridians, on 3 days. 

The number of days with fog over the Grand Banks and 
off the New England coast was greater than in October, 
but less than the normal for the current month for these 
localities; judging from reports received, the middle and 
eastern sections of the steamer lanes were comparatively 
free from fog. 

The disturbance that on October 31 was over the 
middle section of the steamer lanes moved steadily 
eastward, and on November 1 was central near 53° N.., 
23° W., where a barometric reading of 28.73 inches was 
recorded, and winds of gale force swept the ocean east 
of the 50th meridian. This tow apparently moved but 
little during the next 24 hours Be on the 2d the storm 
area had contracted considerably in extent, and moved 
south from its former position, as southerly gales now 
prevailed in the vicinity of the Azores. 

On the 3d northwesterly gales occurred over the middle 
section of the northern steamer lanes, and there was 
also a slight depression near the Bermudas that after- 
wards developed into a severe disturbance. 

On the 4th the conditions had ‘changed but little since 
the previous dey, and the southern depression was cen- 
tral near 35° N., 55° W. While moderate winds pre- 
vailed in this vicinity at the time of observation, heavy 
weather was encountered later in the day, as shown by 
storm reports. On the 4th northeasterly gales were 
reported from the region between the Bermudas and 


American coast, accompanied, in some cases, by com- 
paratively high barometric readin Easterly winds 
of gale force sles occurred in the Gulf of Mexico. 

harts VIII to XI cover the period from the 5th to 
8th, inclusive, when unusual conditions prevailed due to 
the slow moving southern depression and the fast travel- 
ing northern Low that was responsible for very stormy 
weather over the steamer lanes. This was an unusuall 
severe and protracted storm, and caused considerable 
damage to shipping and delay in the passage of a number 
of vessels. 

On the 9th the northern disturbance was still over the 
North Sea and the southern tow had moved but little 
since the previous day. They had both decreased in 
intensity and moderate weather was the rule except over 
a limited region off the South os coast where 
moderate northwesterly gales continued. 

By the 10th the southern depression had filled in and 
the northern disturbance was no longer within the limits 
of the chart. On this date another tow began to develo 
over the region between Greenland and Newfoundland, 
although at the time of observation moderate winds were 
the rule. On the 10th northwesterly winds of gale force 
were also reported from the western portion of the Gulf 
of Mexico. 

On the 11th westerly gales, accompanied by hail and 
snow, were encountered in the middle section of the 
steamer lanes and northeasterly gales off the coast of 
Portugal. At the time of observation on the 11th 
moderate winds were reported from the Gulf of Mexico 
that increased to gale force later in the day. 

On the 12th westerly gales continued in mid-ocean 
and southeasterly gales prevailed along the American 
coast between Chesapeake Bay and Florida. 

On the 13th the American coast Low was central near 
Nantucket, the storm area extending from Bermuda to 
Maine. This disturbance moved but little during the 
next 24 hours, but by the 14th the storm area was north 
of its former position and now covered the region between 
the 35th parallel and Newfoundland. On the same da 
there was a depression near the Azores that afterwar 
developed into a disturbance of moderate force and 
extent. 

On the 15th a trough of low pressure extended from 
the north into the Gulf of Mexico near Pensacola, where 
a barometric reading of 29.76 inches was recorded, while 
at Brownsville, Tex., the reading was 30.24 inches. As 
a result of the steep pressure gradient heavy northerly 
= were encountered in the western portion of the 

ulf, between the 90th meridian and Mexican coast. 
On the 15th gales were also encountered over the greater 
part of the steamer lanes, west of the 30th meridian, 
and the southern depression of the 14th was now central 
near 40° N., 15° W. 

On the 16th there was a Low over Quebec, and heavy 
winds prevailed between the 30th and 45th parallels, 
west of the 65th meridian. On the same day there were 
also two Lows over the ocean; the first near 50° N., 
37° W., and the southern depression that had moved but 
little since the 15th. 

On the 17th the Canadian disturbance was central 
near Father Point, and westerly gales prevailed along 
the coast between Hatteras and Newfoundland. The 
Low that was in mid-ocean on the 16th moved rapidly 
northeastward, losing in intensity, and on the 17th was 
probably somewhere in the vicinity of Iceland, although 


it was impossible to plot its position accurately, due to 
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lack of observations. The southern depression, remaining 
nearly stationary off the coast of Portugal, had begun to 
fill in, and moderate weather prevailed in the vicinity. 

‘On the 18th the western Low was central near Belle 
Isle, and northerly to northwesterly gales were encoun- 
tered by vessels in the southerly quadrants, the storm 
area extending as far south as the Bermudas. 

From the 19th to the 21st moderate conditions were the 
rule over practically the entire ocean, although there was 
a slight depression between the 35th meridian and Madeira 
that was accompanied by winds of moderate gale force 
over a limited area. 

On the 22d there was a Low central near St. Johns, 
Newfoundland, where moderate winds prevailed at time 
of observation, Fpl afterwards increasing in inten- 
sity as it moved northeastward. On the 22d westerly 
winds of moderate’gale force occurred in the Caribbean 
Sea, as shown by report in table. 

On the 23d Nantucket was near the center of a Low, 
and storm reports were received from vessels in the south- 
erly quadrants as well as those in mid-ocean. 

On the 24th there was a disturbance central near 
Father Point that moved rapidly eastward, and on the 
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25th was over eastern Newfoundland. On both of these 
dates gales were oda from a limited region north 
of the 40th parallel, between the 50th and 60th meridians. 

On the 26th the center of this disturbance was near 
Belle Isle, and moderate gales occured in the easterly 
and southerly quadrants, storm reports being received 
from vessels as far south as the 35th parallel. The 
conditions changed but little during the next 24 hours, 
and the Low remained nearly stationary. Onthe 27th 
there was also a slight depression near 35° N., 43° W., 
that afterwards developed into a severe disturbance, as 
it drifted slowly eastward. On the 30th it was central 
near 37° N., 37° W., and surrounded by moderate winds. 
On the 27th and 28th winds of moderate gale force were 
encountered off the coast. of Northern Europe. 

On the 28th and 29th there was a ‘“‘norther” in the 
Gulf of Mexico, where winds of gale force prevailed, 
accompanied by comparatively readings. 

On the 30th there was a Low in the Gulf of Mexico that 

‘developed into a severe disturbance, as it moved north- 
. ward along the American coast. An account of this storm 
will in the Montaty Weatuer Review for De- 
cember. 


OCEAN GALES AND STORMS, NOVEMBER, 1925 


Position at time of 
Vi Diree- | Direction | Direc- 
lowest barometer Low- | tion of | and force | tion of | Highest | of wind 
Vessel. Gale lowest Gale | est | wind | ofwind | wind force of arcerneay lita 
began | barometer | eg ny mg lowest heremeter 
Lati- Ot iow: direc on 
To— began | barometer | ended 
NORTH ATLANTIC 
OCEAN 
of Inches 
Duquesne, Am. 8. S....... Manchester...) New Orleans.| 50 04 N. | 10 15 W. | Ist..... 29.07 | SSE... 
Westerner, Am. 8. S..... Antwerp....- 40 18 N. | 27 32 W. | Ist_.... oon, 2d..| 29.58 | SSW...| S8W., 9...| NNW _| SW., 9_._.| SW-NNW 
Eastern Victor, Am. 8. S.| Rotterdam...| Philadelphia .| 36 34 N. | 66 15 W. | 3d_....- 3d....| 5th... 29.78 | SE.._.. W.-NW.-NE 
Eibergen, Du. 8. 8......- ont .--| Rotterdam...| 52 36 N. | 39 10 W. | 2d ..... 9p., 4th_...| 5th... 29.44 | WNW. SW. WSW..10.| W-wsw 

.M. Story, Am. 8. 8...| Cristobal...--| 23.53 N. | 68 07 W. | 4th..... 8a., 4th....| 5th..._- 30:00 | NNE._| NE., 5....} NE....| NE., 1}...| NNE.-NE 
Davisian, Br. 8. 8_.....- ton.......| Liverpool....| 48 00 N. | 38 00 W. | 5th..._. 7p» 5th...) 28.04 | ESE...| 8., 12. ....| N....-- §-SW. 

City of Fairbury, Am. 8.| Antwerp....- Houston... 30 00 N. | 58 05 W. | Sth....-| Noon, 5th.| 6th..__- 29.74 | NW....| NE.,9.....| NNE..| NNE, 9..| NW.-NNE. 
Guifqueen, Am. 8. New Orleans.| San Pedro....| 21 05 N. | 85 00 W. | 4th..... Sa., 6th....| 7th... 29.92 | E......| 8...... Steady. 

rite Finaly, Fr. | Rouen.......| Bermuda.....| 31 45 N. | 58 20 W. | 5th. 5a.,7th....) 8th...-.| 29.73 | NE....| NNE..... NE., 9. NE.-N. 
Haarlem, Du. 8. 8......- ' Amsterdam ..| Cristobal.....|47 20 N. | 10 40 W. | 6th.....| —, 7th.....| 10th_.__| 29.00 | SW_...| SW., 10...| WNW | W., 12.....| SSW.-w. 
Incemore, Br. 8. 8. Belfast......- New York....| 55 13 N. | 14 57 W. | 6th..... 8a., 7th....| 9th... 29.07 | NW.. .| E.,10.....| NW.._| NE., 10...| SE.-E. 
Westerner, Am. 8.8_....| Antwerp....- Boston....... 39 30 N. | 49 00 W. | 7th..... 2a., 8th_...| 8th..._- 29.80 | ENE ..| ENE., 10.| ENE _.| ENE., ii_| Steady. 
Tegucigalpa, Hond. 8. 8.| Vera Cruz....| New Orleans.j 20 00 N. | 96 00 W. | 9th..... 7p., 9th__.| 10th....| 29.82 | WNW. WNW., 8.| WNW.| WNW., 8. Do. 
Incemore, Br. 8. $.......| Belfast......- New York .. .| 50 41 N. | 42 23 W. | 1ith...-| 8a., 11th.._| 20.68 | WNW.| NW., 8....| W...... NW., 10. | WNW.-NW. 
City of Bt. Joseph, Am. | New York...| Mediterran- | 38 01 N. | 13 48 W. | 10th....| 4a., 1ith...| 11th....| 29.90 | NNW _| NNE., 9_.| N_....- NNW.,9..| NNW.-NNE. 

. ean. 

R. Kemp, Am. 8.8-_..| Houston. .... Portsmouth, 26 40 N. | 88 15 W. | 11th...) 10p.,11th..| 12th. _.| 29.75 | 8 8 8.-8W. 
a. 

Sixaole, Am. §. S.......-. New York....| Kingston... 34 48 N. | 73 59 W. | 12th.._.| Mid.,12th_| 13th..._| 20.61 | SE _...| SE., 10....| 
Atenas, Am. S.8...-.....| New Orleans.| Cristobal_____ 27 54 N. | 87 50 W. | 12th...-| 4a., 12th...| 12th.._-| 29.76 | SW., 8._..| S-W.-N. 
Columbia, Am. 8. 8......| Cristobal... New York-...|34 20 N. | 75 55 W. | lith:...| Mid., 12th.| 13th_...| 20.60 | ENE. SW., 9._..| SW_...| SE., S.-W. 
United States, Dan. 8. | New York...| Christian- | 40 47 N. | 68 37 W. | 13th.__.| 7a., 13th. ._| 14th___.| 29.41 | SE., 9... 8SW._.| SE., 9.__.. SF.-Ssw. 
Albert Ballin, Ger. 8. 8..| Hamburg....] New York...|41 41 N. | 64 00 W. | 14th....| 6p., 14th.__| 16th..._| 29.97 | WSW-._| W., 9.....| NW_...| W., Wwsw.-w. 

na, Br. M. 8_......  Colon.......- Santander....| 40 18 N. | 18 30 W. | 14th....| —, 14th.__.| 16th....| 29.87 | SW.._.; NW., 7....| N...... NW., 8....| SE.-NW. 
Virginia, Am. S. 8 ....... Jacksonville..| Port Arthur_.| 22 22 N. | 97 16 W. | 15th -..| 4a., 16th...| 16th....| 20.90 | N.....- Steady. 

riente, Am. S.8.....| New York....| Galveston.._.| 36 00 N. | 74 50 W. | 15th 2p., 15th...) 16th_.._| 29.63 | 8 Do. 
Hoosac, Br. 8. S........- Halifax....._- Liv 47 54 | 47 57 W. | 35th.._. 8p. 15th..| 17th_...| 29.19 WSW..| WSW....- WsW.-N. 
Pres Roosevelt, Am. 8. | Cherbourg...| New York....| 47 00 N. | 38 20 W. | 15th...-| Mid., 16th| 16th....| 29.44 | 8...__.- SW., 8._..| NNW || 8SW., 10..| SW.-wsw. 
American Press, Am. 8. | New Orleans.} Glasgow..... 37 40 N. | 67 53 W. | 16th...-| ip.,.16th._| 16th...) 29.71 | Mi... NW....| W., 10..... S.-W 
Rochambeau, Fr. 8. S....| Havre....-. .-| New York...| 49 30 N. | 35 00 W. 
Parthenia, Br. 8. S.-..... Montreal...-| Glasgow...._- 56 03 N. | 28 42 W. | 16¢h...| 7a., 16th...| 16th...| 20.95 | SW_...| SAW., 10 .| SSW-..| 10..| SW.-SSW. 
Patria, Fr. 9. 8........... rmo..._. New York..._| 36 57 N. | 55 39 W. | 17th....| 6p.,17th...| 19th....| 29.92 | W.___. "| NNW., 10| W.-_NNW 
enezuela, Du. 8, 8......| Dover.....-..| Barbados....| 36 10 N. | 35 20 W. | 20th.___| 4p., 20th _.| 2ist....| 29.82 | WNW.| WNW.,7.| WNW_| WNW.,8_| Steady 
Atenas, Am. 8. 8.....-.- Cristobal..._- New Orleans.| 16 06 N. | 86 10 W. | 22d..._- lia., 22d..-| 22d. 20.85 | SW....| SW., 5._..| NW....| NW,, 8. -N. 
Bennedijk, Du. 8. 8..... Rotterdam...| New York...| 41 13 N. | 65 07 W. | 23d..... j1a., 23d.- | 23d..... 29.21 | SSE-...| Calm_____ Calm .-| —, 10.....- SSE.-SW. 
Sinsinawa, Am. 8. 8.__.. 32 59 N. | 38 03 W. | 23d..... oon, 24th..._| 29.57 | SE-.... N, SE.-NW.-N. 
Republic, Am. 8.....- New York... Co bh, Ire- | 42 00 N. | 52 55 W. | 23d.....| 2a., 25th...| 25th.._.| 29.40 | SW....| SE., 11 ...| SE.-SW. 

and. 
Suveric, Br. Oram.........| Philadelphia.| 35 40 N. | 50 30 W. | 26th...| 1a., 27th... 2th... 29.85 | SSW_..| NW., 10...) N...... NW,, 10...| 8SW.-NW.-N. 
American Press, Am. 8. | New Orleans.} Glasgow... 5518 N. | 9 30 W. | 28th....) 5a., 28th. _. ....| 30.03 | N NNW....| N...... NNW., 8.| N.-NNW. 
War Nizam, Br. 8. 8....| Curacao......| Rotterdam...| 38 20 N. | 37 06 W. | 28th....| 4p., 30th. 20.55 | WNW_| NNW.,7..| NW....| NW., 8..... NNW.-N. 
San Jacinto, Am. 8.8._..| Galveston....| New York....| 25 25 N. | 85 38 W. | 29th..._| 4p., 30th. 29.66 | NE_...| NE.,8....| WNW.| NE., 8....| NE.-N. 
NORTH PACIFIC 
OCEAN 

West Faralon, Am. 8. 8.| San Francisco} Yokohama...| 34 20N. |143 | 2a., 3d-....| 3d__....| 20.51 | NNW..| NE_..._.- NE., 8....| Variable. 
Pres. Madison, Am.8.8.| Seattle.......]..... do.......| 51 38 N. 1165 17 W. | ist.....| 10a., 3d...| 4th...__ 29.02 | NNW..| W., 8.....- W., 10..... SSE.-W. 
Tyo Maru, Jap. 8. Victoria......|....- do....-.. 52 |168 59 W. | 4th.....| 10.a., 5th..| 6th.....| 28. 53. | SSE....| SSE., 7...| SW....| SSE., 10... SSE.-SW. 

Arrow, Am, 8. Shanghai.....| San Francisco! 41 12 N. |153 28 E. ..| 29.41 | NW....) NW., 5...| NNW..] NW., NW.-NNW. 
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Ocean gales and storms, November, 1925—Continued 
Position at time of Direc- | Direction | Direc- 
be lowest barometer leslie Low-| tion of | and force | tion of | Highest | grits of wing: 
Vessel Gale 1 aS Gale est wind | of wind at| wind force of near time of } 
began | parometer | @nded |barom-| when | timeof | when | wind and |" barometer 
From— To— Latitude — eter gale lowest gale direction 
e began | barometer | ended 
NORTH PACIFIC 
West Am. 8. 8..| Japan........ San Francisco) 46 30 N. |171 40 E. | Sth.....| 7 p., 5th...) 7th..._. 9.221 | SSE....| SSE., 8._.| WNW-_| W., 11.....| SSE.-SSW.-W. 
Havre Maru, Jap. 8. 8.-|_._.- do.......| Coos Bay....| 47 50 N. |138 18 W. | 6th..... 6th...| 7th..... 29.09 | NW_-_./| SE., 8._._. WSW..! S., 11......) SE.-WSW. 
Tokiwa Maru, Jap. 8. 8.| Yokohama___| Victoria.____- 47 13 N. |170 10 E. | 4a., 6th...| 28.68 | $....... W., 11... W., li.....| SW.-W. 
Oakridge, Am. 8. 8......| Davao, P. I..| Columbia R.| 45 53 N. |146 28 W. | 5th...__ 9 p., 9th...| 10th. 29.10 | SE...__ Wis Wwsw.-W 
West Prospect, Am. 8. 8.| Manila....___ San Francisco| 42 N. |173 30 W. | Sth..._.| 5th...) SSE....; SSE., 10...) W-..... y 
Makena, Am. 8. 8..._...| Everett...... Kahului...._. 44 18 N. /|131 32 W. | 9th..... 29.55 | SE..... SE., 8..... 
Varanger, Nor. 8. 8.....-, San Pedro....| Vancouver...| 48 02N. (125 W.| 8th.....| 4a. 9th...| NW., ii.- 
India Arrow, Am. 8. S__| Shanghai_.._.| San Pedro_...| 45 46 N. |147 47 W. | 11th..__| 3 p., 15th____| 29.29 | SSW___| NW., 8._.| NW_..| NW., Do. 
(An unknown S. N.(|102 W. | 10th..._| 22., | NE___.| NW., SW_...; NW., 
tye Maru, Jap. 8. 8.__..| Victoria.....- Yokohama._-_| 44 10 N. |155 30 E. | 12th..__| p., 12th..| 13th..._| 28.98 | ESE...) SW., 12...) SW., 12...| SW.-W. 
est Cayote, Am. 8. 8..| Japan...__.-. San Francisco) 48 45 N. |188 15 W. | 12th....| 3.a., 12th__| 13th...) 29.49 | Steady. 
Maru, Jap. | Yokohama...| Victoria...... 41 02 N. |163 42 E. | 13th.._.| Noon, 14th) 15th..__| 29.13 | ESE_.. NW., 8....| NNW... NW., 9_...| ESE.-S.-NNW. 
West Himrod, Am. 8. Seattle._..... Kobe......... 48 10N. |170 22 E. | 13th..._| 8 a., 18th..| 16th..._| 29.31 | SSE_...| SSE., 8....| SW....| WSW., 11.; SW.-WSW 
West Jessup, Am. 8. S__| Davao, P. I_.| Portland... 40 09 N. |167 04 E. | 14th____| 4a., 15th__| 15th..__| 29.66 | SSW__.| W., 10.._.- NW....| W., 10... SW.-W 
Iwatesan 8.8.| Yokohama._.| San Francisco) 41 25 N. 35 E. | 14th....| 2p., 14th..| 15th..._| 29.26 | S...___. NW., 8.... NNW..| NNW., 10} Variable 
Shenandoah, Am. 8. 8...; Los Angeles._| Port Arthur..| 15 08 N. | 97 27 W. | 16th....| 5p., 16th_.| 17th..._| 29.86 | NNE.- NW., -NE 
Meiyo Maru, Jap. 8. 8..| Muroran.___-. Vancouver...| 42 27 N. |149 35 E./} 16th_.__| 6a. 17th..) 17th_._.| 29.40; NW-...| NW., 9_...| NNW-..| NW., 9..... NW.-WNW 
West Carmona, Am. 8.S.| Hongkong....| San Francisco! 39 50 N. |159 26 W. | 18th. __| 6a., 19th..| 19th....| 29.74 | SSE....| SSW., 8...| S., 10...... SSE,-S.-SW 
Grootendijk, Du. 8. S.._| Astoria.......| Balboa.._.__- 14 30 N. | 96 03 W. | p., 224...| 28d... 29.76 | NNE_-.| NNE., 8...) NNE., Steady. 
Pres. Taft, Am. 8. S.....| San Francisco) Yokohama...| 25 06 N. |165 24 W. | 22d..._. 22d...) 23d..... 29.88 | NNW..| NNW.,8..| NNW.,8..| SW.-NNW. 
Albert Jeffreys, Am. 8.8 Norfolk...... Los Angeles._| 13 50 N. | 93 53 W. | 22d_._.. 6 p., 22d...) 24th....| 29.85 | NNW _.| NNW., 8.. 
Emp. of Russia, Br. 8.8.| Yokohama...| Vancouver_..| 48 52N. W. | 25th....| 9 p........ 25th....| 29.18 | SE... SSE., 9..... WNW-! SSE., 
Tsuyama Maru, Jap.8.S.| San Francisco| 47 05 N. |170 10 E. | 25th...) 4.a., 26th..) 29th..__| 28.92 | WSW-..| WSW.,7..| WSW-.| SSE., 9_...| SW.-S.-SSE. 
Tenyo Maru, Jap. 8. S..| San Francisco} Yokohama-_-| 30 41 N. |141 30 W. | 26th....| Noon, 27th) 28th....| 29.35 | SSE....) SW., 8....| NNE.. oy Bes 
Maui, Am. 8. Honolulu....| San Francisco} 30 N.(|143 W. | 27th..._| 4a., 28th..| 28th.._.| 20.58 | NW., 7....| NW....; NW., 8..... NW.-WNW. 
Hokkai Maru., Jap.8.8_| Vancouver-.._| 50 |150 20 W. ..| Dec. 3.| 29.46 | SSW...) S8.......... 8W....| 8., 10......| 8.-SSW. 
1 Uncorrected. 


NORTH PACIFIC OCEAN 
By Epwin Hurp 


After the rather unusual breaking down of the North 
Pacific anticyclone in October, the November observa- 
tions show its fairly complete establishment over the 
central waters of the eastern part of the ocean. On the 
23d, however, its center lay north of Midway. Island, or 
well to the west of its normal position. At this time a 
small, shallow tow developed east of the Hawaiian 
Islands. The Low spread and moved northeast and by 
the 27th and 28th had covered the entire water area east 
of 150° W. and south of 50° N., except in the equatorial 
region, with moderate gales in the western quadrants. 
At the close of the month it had merged with the cyclone 
then covering Alaska and adjacent waters. The HIGH at 
the end of the month had moved to a position north of 
the Hawaiian Islands midway between ne: trough to the 
east and another cyclone of little-known intensity which 
had developed near Midway Island on the 29th. 

The Aleutian cyclone was strongly developed durin 
most of the month, and pressures were below norma 


_ from Juneau westward to the 180th meridian. In fact, 


no high-pressure readings occurred over the Aleutians 
and southwestern Alaska, and it was on only one or two 
days here that there were readings in excess of 30 inches. 
These conditions are well shown by the following table 
of atmospheric pressures for several island and coast 
stations: 


Date | Lowest | Date 


gy 
i 


Station Average 


| 
: 


Inches 
30.04 | 23d...... 28.72 | 19th. 
30. 04 |...do..... 28. 34 | 28th. 
—0. 21 30. 06 | 2d....... 28. 62 | 10th. 
+0. 03 30.30 | 22d...... 29. 64 | 29th. 
0. 00 30.12 | 14th..... 29. 87 | 4th. 
—0. 08 30. 34 | 20th..... 20.02 | 10th. 
+0. 05 30. 62 |...do..... 29.40} Do. 
+0. 03 30.46 | 14th..... 29. 87 | 23d. 
+0. 05 30. 28 |...do..... 29.83 Do. 


November was one of the three stormy months thus 
far occurring in 1925. Along the northern steamer 
routes, or, roughly, between the 40th and 53d parallels, 
gales of force 8 or over occurred somewhere daily and, as 
gathered from the various reports, gales of force 11 to 12 
were experienced by vessels on eight days. These were 
the 6th, 9th, 11th, 12th, 13th, 15th, 20th, and 28th. 
The 6th, perhaps, showed the most widespread area of 
tempestuous winds, since gales of force 11 were reported 
on that day from near 47° N., 177° E., 46° N., 165° W., 
and 48° N., 138° W., in addition to gales of lesser severity 
in other parts of the sea. On the 13th whole gales to 
storm winds occurred over a considerable area in east 
and west longitudes. On the 12th occurred the only 
hurricane velocity recorded, that being noted in 44° 10’ 
N., 155° 30’ E., by the Japanese steamer Jyo Maru. 
The American steamer West Prospect, while on a voyage 
from Manila to San Francisco, encountered gales, 
highest force 11, from the 5th to the 12th, between 175 

. and 135° W., nearly along the 42d parallel. Snow 
and other forms of frozen precipitation occurred over 
the northernmost traveled routes on several days. 

At Honolulu east winds continued to prevail. The 
maximum wind velocity was 31 miles from the northeast, 
on the 27th. The average velocity was 10.1 miles sd 
hour, which equals the previous highest record for 
November, that of 1913. The precipitation was 1.35 
inches, which is 2,49 below the normal. 

In the Far East there was some typhoon activity early 
in the month. This is fully treated in the accompanying 
article by the Rev. José Coronas, of the Manila Observ- 
atory. 

In North American tropical waters a case of cyclonic 
development occurred, which is extraordinary for so late 
in the season. This disturbance appeared on the 10th 
off the coast near Acapulco, where it was experienced by 
a southbound vessel, whose identity was not given by the 
observer. The gale as experienced began from the east 
the evening of ‘the 10th, pits midnight, in 
17° N., 102° W., was blowing at force 10 from the north. 
Two hours later the wind had gone into northwest, force 
11, lowest pressure 29.19, uncorrected. By 8 a. m. of the 
llth the wind had moderated to force 7, southwest. 
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while the pra had risen to 29.72. On the morning 
of the 11th the storm lay off Manzanillo, where it gave 
locally heavy rains to some of the coast towns, but no 
later report concerning it is yet available. It is interest- 
ing to note in connection with this storm that a dis- 
turbance appeared over the northwestern part of the 
Gulf of Mexico on the afternoon of the 12th. 

On the 15th a northeast gale of force 8 was experienced 
by the British steamer Zoco, in 17° 15’ N., 107° W., 
accompanied by only a slight depression of the barom- 
eter. On the 16th, 17th, 22d, and 23d gales of force 
8 to 10 occurred over and south of the Gulf of Tehuan- 
tepec, but these were not accompanied by barometric 
disturbances. Observers of the whole northeast gales of 
the 16th and 17th report that they began and ended 
suddenly, their onset being accompanied by heavy rain 
squalls, which shortly cleared, so that generally fair 
weather prevailed during the remainder of the blow. 

Fog was little observed in west longitudes this month, 
een along the American coast north of the 30th 
parallel. West of the 180th meridian scattered observ- 
ances of fog were recorded on eight days. 


WATERSPOUT ON THE SOUTH PACIFIC OCEAN 


Mr. J. V. Bray, second officer of the British motor shi 
Aorangi, Capt. ®. Crawford, Sydney, Australia, towar 

Honolulu, gives the following account of a waterspout 
observed November 1, 1925, in 5° 42’ S., 172° 39’ W.: 


When first observed at 7 a. m. by senior second and fourth 
officers, waterspout appeared descending from a white cumulus 
cloud and revolving in a counterclockwise direction. The phe- 
nomenon disappeared about 20 minutes after first observed, and 
about half way down during descent the spout could be plainly 
seen to take a sharp turn almost at right angles, curving around a 
small cumulus cloud underneath; also spray, distinctly white, to 
be seen rushing up the spout. When abeam it lifted and disap- 
peared. The whole aspect was and 
descending cloud. The clouds were of a clearly de cumulus 
a Other observers state that before final descent the spout 
thinned and could be seen ores Distance of spout, 244 miles; 
estimated height, 3,000 feet. Sky clear, one-fifth clouded by 
tumulus. Wind ENE.1. Temperature 83°.—W. EH. H. 


TWO TYPHOONS OVER THE PACIFIC AND ONE DE- 
yeaa OVER THE PHILIPPINES IN NOVEMBER, 


By Rev. Jos&# Coronas, 8. J. 
(Weather Bureau, Manila, P. I.] 


The first Pacific typhoon had appeared already in our 
weather maps, on the 24th of the last month of October, 
near 145° or 146° longitude E. and 9° latitude N. It 
moved first WNW., passing about 100 miles to the north 
of Yap in the afternoon of the 27th. On the 28th it 
began to move northwestward about 600 miles to the 


east of north Samar. The steamer Comliebank, on her 


Wd from San Francisco to Manila, was well under the 
uence of this typhoon on the 28th and 29th. On 
October 31, when the center was east of Balintang 
Channel near 127° longitude E, and 20° latitude N. 
there was a decided change of the direction to the N. and 
N. by E., the center being situated at 6 a. m. of November 
1 to the south of Naha in about 25° latitude N. between 
127° and 128° longitude E.; the barometric minimum in 
Naha was then 745.5 mm. (29.35 ins.) with strong winds 
from NE. The typhoon finished its recurving to ENE. 
on November 1, and filled up on the 2d between Japan 
and the Bonins. | 

_ The second Pacific typhoon was shown by our weather 
maps on October 31 over the western Carolines near 150° 
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longitude E. and 8° latitude N. It moved NNW. on 
October 31, NW. and WNW. on November 1, and re- 
curved to the N. and NE. on November 2 and 3. The 
center of the typhoon passed about 100 miles to the north 
of Yap in the afternoon of November 1. The recurving 
to the north took place near 138° longitude E. and 19 


latitude N. Our maps showed the center to the south- 


east of the Bonins at 6 a. m. of the 4th near 145° longitude 
E. and 24° latitude N. moving NE. or NE. by E. 

The depression which traversed the Favippines on the 
9th of November appeared at 6 a. m. of the 6th to the 
SSE. of Yap near 140° longitude E. and 5° latitude N. 
After moving practically WNW. for over two days, it 
crossed the Visayan Islands on the 9th with an almost 
due west direction and an extraordinary rate of progress 
of nearly 19 miles per hour. The center reached the 
southern part of Indochina in the early morning of 
November 11. 


ADDITIONAL NOTE ON TROPICAL CYCLONE OF 
OCTOBER 22-25, 1925, OFF WEST COAST OF MEXICO 


By Cuartzs C. ALLEN 
(Weather Bureau Office, San Francisco, Calif., December 22, 1925] 


During the latter part of October, 1925, a tropical 
storm of violent character appeared off the west coast of 
Mexico to the south of latitude 20° N., movirg in a 
direction along the Panama-San Francisco steamer 
route until it turned inland near Cape Corrientes on 
the 24th-25th. 

This disturbance, which has already been referred to in 
the Montaiy WEATHER Review, for October, overtook 
several steamers in its progress along the coast. Capit. 
J. A. Mordue, of the British steamer Kathlamba has 
furnished a detailed and interesting report of his encoun- 
ter with this cyclone. 

On the night of October 22-23 it became evident that a 
storm from the south was overtaking the Kathlamba, the 
wind having changed during the night from light and 
variable to fresh easterly, accompanied by squ The 
barometer remained steady at 29.78 inches until noon 
of the 23d, after which hour the pressure fell steadily, 
and after 8 a. m. of the 24th quite rapidly (from 29.60 
ins. at 8 a. m. to 28.57 ins. at noon), with the wind backing 
to the northeast and north, increasing to force 12. As 
the backing of the wind indicated that the center of the 
storm was moving upon the ship quite swiftly, and even 
then swerving to the eastward, Captain Mordue altered 
his course to the westward in hope of escaping the full 
violence of the storm. He succeeded in that one par- 
ticular, but nevertheless experienced wind and sea of 
great hy & His own words tell graphically of the situa- 
tion at the height of the storm, when in an estimated 

osition at noon, October 24, of latitude 18° 53’ N., and 
ongitude 106° 05’ W. At that time the wind was north, 
force 12, and the lowest pressure reading was 28.57 
inches. His description, in part, reads: 


During this time the wind was sweeping overhead. Canvas 
weather screens and dodgers and light awnings over the bridge and 
p were torn from their fastenings and whirled away to leeward. 
One of the starboard boats was blown adrift from its chocks, and 
some idea of the force of the wind can be formed from the fact 
that the pressure on the steam whistle lanyard was sufficient to 
cause the whistle to sound full blast at ns intervals. 
The ship was swept by a continuous blinding smother of rain and 


spray through which the dim loom of the white painted foremast 


could just be discerned from the bri the limit of our vision 
on it being completely 


forward, the forecastle head 
obliterated. 


and 
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After 1.30 p. m. (October 24) the barometer commenced 
to rise, although the wind held steady from the north- 
west, for several hours, gradually falling to moderate 
westerly by the peering. the 25th. 

The S. S. City of Stockholm, bound north and about 


1925 


120 miles northwest by west of the Kathlamba, experi- 
enced very little of the hurricane’s fury. 

That part of Mexico in the path of the storm had 
rainfall on the 24th-25th, which was quite heavy at some 
coastal points. | 


DETAILS OF THE WEATHER IN THE UNITED STATES 


GENERAL CONDITIONS 


The month may be described as moderately cool and 
generally wet. An increase in the intensity of the gen- 
eral circulation was noticeable especially in the second 
decade when several deep barometric depressions moved 
from the Gulf of Mexico to the St. Lawrence Valley. An 
anticyclone that passed Midway Island in the Pacific on 
the 10th could be traced across the Pacific, the North 
American continent, and part of the Atlantic, where it 
merged with prevailing high pressure in that region on 
the 19th, after having traversed about one-third of the 
circumference of the globe.—A. J. H. 


CYCLONES AND ANTICYCLONES 


By W. P. Day 
Eighteen low-pressure areas were plotted, of which seven 
were of the Alberta type. The tracks of these seven were 


generally so far to the north that they had little direct 
effect on the weather in the United States and much of 
the real weather of the month was due to secondaries 
which formed over the Southwest. In fact, most of the 
Alberta Lows were well shown at Fort Simpson, in the 
Mackenzie Valley before being picked up again along the 
line of Canadian stations; and pressure was continually 
below normal in Alaska and the Mackenzie Basin for 
about 12 days during the middle of the month. Several 
important storms developed over the Southwest and 
reached considerable intensity over the Lake region and 
the Northeastern States. On the last day of the month 
a tropical storm developed northwest of Cuba, crossed 
the Florida Peninsula with increasing intensity, reaching 
hurricane proportions off the northeast Florida coast 
and striking the coast again between Wilmington and 
Hatteras. 

The more marked of the temperature depressions were 
due to Alberta nicHs. These n1GHS were well shown at 
Fort Simpson and to some extent at Eagle, Alaska. 


FPREE-AIR SUMMARY 
By L. T. Samvuzus 


Free-air temperatures for the month av d for the 
most part slightly below normal (Table 1). “While the 
monthly departures did not vary greatly with increase 
in altitude, those for the upper levels at the northern and 
southern stations stand in rather marked contrast, 
being negative at the former and positive at the latter. 
Notwithstanding this deficiency in mean temperature, 
the relative humidities averaged generally below normal. 
This naturally resulted in negative departures in the mean 
rept pressures for the month. 

t will be seen in Table 2 that the resultant winds for 
the month based on kite observations differed but little 
from their normals. Those indicated by afternoon pilot- 
balloon observations, having been determined from a 
cp number of stations, show a pronounced westerly 
= t at the 3 km. level at all stations, including Key 

est. 


Pilot-balloon observations from the 18th to the 21st 
showed a decidedly abnormal drift in the general circu- 
lation for this season. During this time practically the 
entire country was covered by a pronounced anticyclone 
which had moved inland over the North Pacific States 
and gradually spread southward and eastward until by 
the end of the period its southern border had invaded 
the tropics. This resulted in relatively low temperatures 
over an extended area in the lower latitudes, whereas 
low pressure attended by relatively high temperatures 
prevailed over the Canadian Provinces. The free-air 
temperature distribution during this period is strikingly 
shown in a comparison of the kite observations made at 
the four western aerological stations. These tempera- 
tures (°C.) are given in the following table, wherein the 
stations are arranged geographically. 


Altitude (m.) m. s. 1. 
Station Date 
1,000 | 2,000 | 3,000 | 4,000 | 5,000 

Ellendal 18 4.3} —1.8 | —10.0 
Drexel... 18 7.3) 
Broken Arrow 9.6 28) —0.7 
Groesbeck .. 18 14.1 8.3 18 
Ellendale 19 5.9 17) —13.6 

19 6.5 —6.8 | —10.0 j.......-. 
Groesbeck 19 10.8 
Ellendale. 20 12,4 7.6 2.9 
Drexel... 20 9.8 6.7 2.1 
Broken Arrow...................... 20 6.9 

si 20 7.4 3.2 

Drexel 21 11.6 AAD 
Broken Arrow 9.8 6.0 0 


It is evident that the temperature reversal was most 
pronounced on the 20th, when it was 4.2° C. colder at 
2,000 m. above the Texas station than at the same ele- 
vation over Ellendale, situated in the extreme northern 
part of the country. 

The effect of this condition was temporarily to re- 
verse the general Pag ag gradient aloft and thereby 
cause easterly winds in the upper levels. Some of those 
observed by pilot-balloon observations are shown in the 
following table, 


Altitude (m.) m. 


2,000 | 3,000 | 4,000 | 5,000 | 6,000 | 7,000 | 8,000 | 9,000 |10,000 


ne. iijene, 10jene. 
whw. 2iw. 


Several unusually pronounced temperature inversions 
and isothermal conditions were observed during the 
month. One of the latter occurred at Royal Center on 
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the 3d in the rear of a deep aulieychone which had spread 
southward from the Hudson Bay region. The tem- 

eratures at the ground and at 2370 m. above were 
identical, the greatest variation throughout this air 
column being less than 3.0° C. and the wind south- 
easterly. On the next day (4th), this station still bei 
under the influence of the nieu, the lapse rate remain 
praetically the same to this height, except that the 
temperatures were slightly higher throughout, the winds 
having changed to southerly and south-southwesterly. 
The lapse rates in the front sector of this HIGH as shown by 
airplane and kite observations at Washington and Due 
West, respectively, were characterized by a decrease in 
temperature from the und to about 1,500 m., fol- 
lowed by a pronounced inversion to about 2,000 m., 
above which, to 3,000 m., the lapse rate was small. 
When these latter stations were later under the influence 
of the rear sector, an isothermal layer extended to the 
same height as had previously been observed at Royal 
Center under similar conditions. 

Another exceedingly pronounced inversion, or rather 
double inversion, was observed at Groesbeck when a 
rapidly moving anticyclone passed over that station on 
the 8th. At the maximum altitude (2,612 m., m. s. 1.) 
the temperature was 3.2° C. higher than at the surface 
The vertical temperature ients (°C. per 100 m.) 
shown by the kite observations are given in the follow- 
ing table. 


Surface. 141m. 604m. 1,014m. 1,501 m. 2,1384m. 2,612 m. 
0.82... 0.53 —0.60 0.25 


An excellent example of the well-known Brocken 

specter was observed during the airplane flight at Wash- 
ington on the 6th. After the plane had surmounted a 
layer of St Cu, the base of which lay at 1,380 m. and the 
tops at 1,650 m., “‘the shadow of the plane on the clouds 
was surrounded by a brilliant double-colored ring, with 
the interior of the innér ring much brightened. The 
ings faded out as the plane ascended but remained 
visible long after the shadow of the plane had dwindled 
to nothing.”” The phenomenon was again plainly seen 
when descending from the maximum altitude to the top 
of the cloud layer. 

A very marked surface of discontinuity was shown b 
the kite record at Ellendale on the 8th. In the NW. 
quadrant of an anticyclone the southerly winds of the 
lower levels shifted to northwesterly at 2,200 m. From 
the ground to this height the relative humidity was high 
there being a layer of St clouds at 1,300 m. and occasion 
snow flurries. At the upper limit of the clouds (2,200 m.) 
a pronounced inversion (—3.36 °C. per 100 m.) aly 
throughout a 100 m. air column and the relative humidity 
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dropped abruptly to 7 per cent and continued close to 
this value to at least 3,500 m., the maximum altitude 
reached. This very dry condition in the upper levels of 
the second quadrant of an anticyclone is in agreement 
with results obtained in a recent study of the average 
free-air conditions in n1GHs and Lows for this country. 


‘TaBLE 1.—Free-air temperature, relative humidities, and vapor pres- 


sure during November, 1925 


TEMPERATURE (°C.) 


Broken Ar-| Drexel, | Due West, | Ellendale, | Groesbeck, | Royal Cen- 
row, Okla.| Nebr. 8. C. N. Dak. Tex. ter, Ind. 
(233 meters) | (396 meters)! (217 meters); (444 meters)| (141 meters) (225 meters) 


Alti- 
Phe De- De- De- De- De- De- 
par- - r- 
Mean from Mean from Mean from Mean from Mean from Mean from 
8-yr. ll-yr 5-yr. 8-yr. &yr. 8yr 
mean mean mean mean mean mean 
Surface 7.9) 24) —1.1) 9.1) —1.9| —1.6) +0.2) 125) —0.5) 26) —20 
8.2) —0.8) 26 —0. 7.9 —1.9) —1.3) +0.5) 11.8) —0.5) 11) 
845401) 3.1) 0.0; 7.1) —1.7) —0.4) 41.2) 11.6) -0.1) 0.5) —1.7 
1,000__..- 8.2) +0.5) 3.2) +0.2) 6.2) —1.8) —1L.1) 11.61 40.4) O01) —14 
1,260..... 7.44 +0.3) 2 0.0) (54) —1.9) —1.6) —0.2) 11.1) +0.7) —0.5) —1.4 
1,500_.... 6.3} —0.1) 19) —03) 5.2) —1.4, —2.0) —0.3) 10.6) +1.0) —1.4) ~-L7 
2,000. ....) 4.44 -0.8 3.8) —1.2) —3.8) -—0.6) 9.2) —3.2) —L8 
2,500..... 1.9) —0.4) —1.1) 2.7) —0.5) —6.2) —0. 7.0} +1.3} —5.1) —L8 
3,000... .. —1.0) —0.9| 3} —0.8 1.7] —9.3) —1.3) 4.0) +0.8) —7.4) —1.9 
3,500__._. —4.0) —1.4) —3.2) —10 0.2 +2. 1}—11. 8} —1. 0)... —10.0) —2.3 
4,000... .. —6.3) —1.3)—11.3) —1.3| —2.0) —0. —13.0) —2.3 


= 72) > 62 71, —1 

57, —6 56 65) 51) 71 1 
63, 42) 67 1 

46, 57, —1) 50) +1 

16 52 32) —4 

46) 5) 56 —3 
47, —4 12) —26 65 | 


5.01 8. 31|—0. 86) 4. 13/0. 29) 11. 5. 41|—1. 04 
8. 10/—0. 11 5. 40|—0. 98 
4.81 6.72\—1.17| 4070.27} 9 4. 94|—0. 76 
4.37 6. 12|—0.96| 3.84|—0.19| 7. 4. 70 —0. 47 
4.01 5. 60|—0.89| 3.45|—0.27) 6 4, 28|~6. 33 
3.71 4. 99|—0.83| 6. 3. 62|—0. 45 
3.37 4. 12\—-1.04| 2.96/—0.23) 5. 3. 17|—0. 45 
2.71 2.31\—1. 2.44|—-0.25| 4. 2. 16|—0. 74 
2.07 0. 30)—2 47 2.00\—0.27| 3. 1. 58|~0. 70 
1.72 0. 76|—1. 53} 1. 61/0. 26| 3. 1. 19|—0.79 

0. 25\—0. 0.08|—0. 49 


Surface... 67 
250......|  @6 
1,000...-- 
1,250..... 
1,500...--| —5| 
2,000... . 41 —5) 
2,500.....| 37) —6 
3,000_.... 
4,000... 31; 
VAPOR PRESSURE (mb.) 
Surface..| 7. 10\—0.96 
250.......| 7. 04)—0. 96 
500.......| 6.30\—0. 94 
750.......| 5. 91 
1,000....:] 5. 03|—1. 06 
1,250.....| 4. 56/—1.00 
1,500_....| 4. 18)—0. 83 
2,000.....) 3. 27|—0. 72 
2,500.....| 2 44\~0. 72 
3,000.-...| 1. 96/0. 61) 
3,600.....; 1. 52|—0, 42) 
4,000.....) 1. 11/—0. 23! 
| 
‘ 
“4 
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TaBLzE 2,—Free-air resultant winds (m. p. 8.) during November 1925 
Broken Arrow, O Drexel, Nebr. Due West, 8. C. Ellendale, N. Dak. roesbeck, Tex. Royal Center, Ind. 
meters) vag (396 meters) (217 meters) (444 meters) (141 meters) (225 meters) 
Altitude 
Mean &yearmean| Mean  (|il-yearmean| Mean (| 5-yearmean| Mean |8yearmean| Mean Mean 8-year mean 
Dir. {Vel,; Dir. [Vel.| Dir. |Vel.| Dir. [Vel Dir. (Vel.| Dir. (Vel. Dir. /Vel.| Dir. Dir. Dir. [Vel.| Dir Vel.;| Dir. /Vel. 
| 1.5/8. 51° 0.8\N.63°W.| 0.7/N.62°W.| 2.7\N.54°W., 2.4/S. 21°E.| 0.3|/N. 66°E.| 0.2/8. 59°W.| 2. 49°W./ 2.0 
8. 45°W.| 4.4/8. 35°W.) 2.65. 61°W.! 2.418. 82°W.) 2.1/N.34°W.) 0.8/N.81°W.! 1.3/N,64°W.| 3.0/N.64°W.| 2.6)S. 21°E.| 2.2/8. 9°E. 1.3/8. 69° W. 6. 8/8. 60° W. 5.0 
8. 55° W.) 5.4/8. 40°W.) 3.3/8. 80°W.) 3.8) W_...._- 3. 7IN.69°W.| 1.4|N.81° WW.) 4. 61N.64°W.) 4.1/8. 15°W.) 2.3/8. 21°W.) 1.9/8. 68° W. 8.0/8. 6.4 
8. 62°W.| 6.0/8. 52°W.| 3.9/N.88°W.| 5.0.N.80°W.| 5. 1|N.81°W.| 2. 3/N.86°W.| 2. 61°W.| 5. 66°W.| 5. 27°W.| 3.3/8. 40°W.| 2.6/8. 81°W.| 8.8/8. 73°W.| 7.2 
1,250. ....../8. 70°W.| 6.1/8. 60°W.) 4. 7/N.84°W.| 5. 9/N.86°W.| 6. 0/N.74°W.! 3. 6)N.84°W.| 3. 9/N.63°W.) 6. 6)N.69°W.| 5. 9/S. 44°W.) 3. 6/S. 56°W.) 3.3 8. 75° 5. 7/8. 75° 7.4 
1,600....-.- S. 80°W.| 6.18. 68°W.| 5.4|N. 77°W.| 7. 1.N.85°W.| 7. 79°W.| 4.8)N.86°W.| 5. 2/N.66°W.| 7. 2\N. 65°W.| 7.1/8. 68°W.| 4. 2/8. 67°W.| 3.9/8. 85° W./10. 79°W.| 87 
2,000... 85° W.| 7. 1|8. 75°W.| 6. 7/N.20°W.|10. 81°W.| & 4/8. 87°W_| 7. 88°W.| 7.4N.71°W.| 9. 8|N.66°W.| 8. 9/N.87°W.| 5, 2/8. 81°W.| 5. 85° W.|11. 83° W.|10.1 
9,800. 8, 88°W.| 8 81°W.| 7. 5|N. 70°W. 10. 79°W./10. 1/N. 79°W.| 9. 1/8. 87°W.| 8. 9/N. 66° W.|11. 4/N. 68°W./11. 01S. 86°W.| 6. 6)8. 85°W.| 6. 918. 84°W.|13, 5/8, 85°W.I11.7 
N. 79°W.| 8. 82°W.| 8. 6\N. 73°W. 11. 79°W. 11. 2/8. 50° W./14. 3S. 84°W |10. 1/N. 70°W.|12. 2|N. 69° W.|12. 79°W.|10. 9S. 85° W.| 8. 6/S. 87° W.|14. 88° W..|13,1 
N. 78°W.| 9.4/8. 83°W.| 9. 2|N.83°W |15. 77°W.|12. 22°W.|11. 0/8. 84°W.|11. 67°W. |14. 0|N. 67° W.13. 6/8. 73°W 75° W.|10. 5/N. 78° W..|16. 5|N. 84° W.113. 0 
4,000... N.83°W.| 7.4/8. 84°W.|10. 5|N.80°W (11. 4/8. 45° W.|12. 0S. 86° W.|13. 4|N. 76° W.|14. 1|N. 67°W.|13. N.82°W./17. 
4,500. 68° W./19. 2)N. 83° W.|10. 2)N. 83°W.| 8. 9 N. 85° W113. 5/8. 45° W112. 0|S. 86°W.|14. 66° W.|L1. 5|N. 61° W.|15. 8. 87°W.|16. 84°W./13.0 


THE WEATHER ELEMENTS 
By P. C. Day, In Charge of Division 
PRESSURE AND WINDS 


Following a record-breaking month in many weather 
particulars, November, 1925, assumed more nearly the 
conditions expected in the last month of autumn, and, 
except in a few instances, was uneventful from a mete- 
orological standpoint. 

Cyclonic activity was confined mainly to the first half 
of the month, while anticyclones were in evidence during 
much of the latter half. 

The month opened with an area of precipitation over 
the East Gulf and South Atlantic States, and as this 
moved northeastward heavy rains prevailed over limited 
areas near the coast from Georgia to Virginia. By the 
morning of the 4th a cyclone had advanced into the 
middle Plains, and, moving northeastward to Lake 
Superior, brought general rains to most of the central 
valleys, with some unusually heavy falls in east Texas. 
Immediately following this another cyclone overspread 
the territory somewhat south of that preceding, and it, 
too, moved northeastward, attended by general pre- 
cipitation over nearly all central and eastern districts, 
heavy rains falling over portions of the Ohio and lower 
Mississippi Valleys, and local light snows in portions of 
the upper Lake region. 


two days moved to New England, attended by precipi- 
tation over much of the country from the Mississippi 
Valley eastward. 

As the month closed, a tropical storm passing over the 
Florida Peninsula gave some of the heaviest rains ever 
known over the more southern portions. At Miami a 
total fall of more than 15 inches occurred, 14.10 inches 
falling in 14 hours. A more extensive description of 
this storm will appear in the December issue of this 
REVIEW. 

Anticyclones were confined mainly to western and 
northern districts during the first half of the month, but 
thereafter they were the dominant feature and extended 
into all portions, several reaching well into the South. 

The monthly averages of pressure were highest over 
the middle and northern plateau, with a secondary high 
area over the Southeastern States, and they were above 
normal in all parts, save for a narrow area from Lake 
Superior to eastern Montana... Over southern Canada 
the average pressures were mainly below normal and this 


condition probably extended into the northern districts 


and oves Alaska as well. 

The surface winds attending the frequent cyclones were 
occasionally high, particularly about the 13th and 14th 
along the Nort Atlantic coast and in the lower Lake 
region; elsewhere high winds were mainly local and the 
far West was unusually free from severe storms for a late 
fall month. 


The third important cyclone developed off the middle 


Gulf coast du 
12th was centr 


the 11th and by the morni 
over northern Alabama, whence it 


of the 


The details of the more important wind and other storms 
appear at the end of this section. 


TEMPERATURE 


moved to the lower lakes and northeastward during the 
following two days, as a severe storm attended by wide- 
spread and locally heavy rains over all sections from the 
Mississippi River eastward, and by 
the coast from Chesapeake Bay northward. <A fourt 
cyclone was forming over the Southwest as this moved 
into the lower St. Lawrence Valley and by the middle 
of the month had advanced to the Ohio Valley, whence 
it moved northeastward. This, too, was attended by 
precipitation over much of the country from the Mis- 
sissippi River eastward, though the amounts were 
generally less than fell in the preceding storm, except 
over portions of New England. Light snow fell in 
connection with this storm over much of the Lake region, 
Ohio Valley, and into New England. 

The remainder of the month was without important 
cyclonic storms until about the 26th, when low pressure 
overspread northeastern Texas and during the following 


high, winds along. 


Important changes in temperature were rather frequent 
due to rapid pressure variations, but on the whole there 
were no great extremes, and the monthly averages were 
mainly not far from normal. A moderately cold area 
covered the Southeastern States and it was cooler than 
normal in all other districts from the Mississippi Valley 
eastward, save along the northern border, over much of 
New England and in southern Florida. It was cooler 
than normal also over the plateau region and portions of 
the southern Plains. Bn 

Average temperatures were above normal on the Pacific 
coast, along the entire northern border, over much of New 
England, and from the middle Plains northward into 
Canada, the departures increasing toward the north 
where in portions of the Northwest Srociaces, the month 
was decidedly warm with the probability that this con- 
dition extended far to the northward and into Alaska 
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where _ and other reports indicate the persistence of 
unusual warmth. : 

The warmest periods were about the first over the 
districts from the 0a Mountains westward, from the 
5th to 7th in the Ohio Valley and to the southward and 
southeastward, and near the end of the second decade 
over most northern districts. 

The coldest periods were from the 6th to 9th over the 
Missouri, middle Mississippi, and lower Ohio Valleys, 
from the 22d to 24th over the lower Mississippi Valley 


' and eastward, and from the 28th to 30th from the Great 


Lakes eastward. West of the Rocky Mountains they 
were scattered through the month, depending frequently 
upon the opportunities for high night radiation. 

The lowest temperature reported was 21° below zero 
in the mountains of Colorado and temperatures nearly as 
low were observed in northern New England. 

East of the Rocky Mountains temperatures below 
zero were observed as far south as Missouri, and freezi 
weather occurred at some point during the month in 
the States. 


PRECIPITATION 


From the Rocky Mountains eastward the bulk of the 
precipitation occurred during the first half of the month, 
and over a large area from the southern Plains north- 
eastward to the lower Lakes, and eastward nearly to the 
Atlantic coast the amounts were apprrove and mainly 
well above the normal, particularly over portions of 
northern Louisiana and near-by areas in Texas, and over 
western and southeastern Florida. 

From the upper Lakes westward to and including the 
Missouri Valley, over the plateau and Pacific coast 
States, and from central Texas westward, except in por- 
tions of southern California, the precipitation was less 
than normal and materially so in portions of northern 
California and the far Northwest. 

The moderately heavy rains in the western portion 
of the Carolinas and near-by areas, where severe drought 
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existed in the late summer and early fall months, greatly 
improved the water supply, though the total fall for the 
year is still far short of the normal. At points in Florida 
the monthly totals were the greatest of record for Novem- 
ber, notably at Miami, where the fall for a single 24 hours 
at the end of the month exceeded the entire fall of any 
previous November. 


SNOWFALL 


Following a month of unusually early, heavy and 
widely distributed snowfall, the amounts for November 
were frequently moony monet small and the territory 
covered considerably less extensive. 

From the Rocky Mountains eastward the amounts 
were mainly small and confined principally to the northern 
half. Maximum depths meray | up to 12 inches at points 
in the upper Lake region and to two feet in extreme 
northern Maine. Elsewhere the totals were mainly 
only a few inches, although locally in eastern Iowa and 
western Illinois the falls were the heaviest of record for 
November, and there were local heavy falls in northern 
Kansas and eastern Colorado. West of the Rocky 
Mountains the total snowfall was mainly | iene’ than in 
October, particularly over the northern districts and in 
the mountains of central California, though here the 
amounts were mainly light and less than normal. 

By the end of the month the ground was free of snow 
except in extreme northern New England, over the upper 
Lake region and westward to the Dakotas, and at some 
of the high elevations of the western mountains. 


RELATIVE HUMIDITY 


This element had percentages above normal, though not 
materially so, over much of the country, the chief excep- 


tions bei ortions of the Atlantic coast States, from 
the upper Lakes westward to the Rocky Mountains, and 
from Texas to California, where the percentages were 


somewhat less than normal. 


SEVERE LOCAL HAIL AND WIND STORMS, NOVEMBER, 1925 


[The table herewith contains such data as have been received concerning severe 


local storms that occurred 
annual report of the Chief of Bureau) 


during the month. A more complete statement will appear in the 


Place Date Time bee | of Mave Character of storm Remarks Authorit 
Whitefish Point, Mich. (10 5-6 |.. | RE MINER. 5 vinsvsiinacigtandan Tow barge foundered in Lake Superior.......... Official, U. 8S. Weather 
miles north of). | Bureau. 
Pa’ 7 | A.m... Thunderstorm....| A few trees, and telephone poles blown Do. 
| down; plate glass windows broken. 
Wilson County, Tenn. (cen- 7 | 6:30 p. m.. 200 ...... | $10,500 | Small tornado....- Heavy loss of livestock; some crop and property Do. 
tral x ; damage over path 10 miles long. 
7 -----| 100,000 | High Main of the Douglass Pectin Co., Do. 
wrecked. 
8 7 High wind-....... Trees, signs, and roofs Do. 
and Marion Counties, 11 | Small tornado_.._. buildings and trees over path Do. 
4 abou es long. 
Buffalo, 15 4 Séveré wind....... Considerable damage to signs and windows; Do. 
Philadelphia, 16 Squall. | Biity News (New York, 
Tug caught oabr it sunk; crew 
rescued. 
Yonkers, N. Y_.....-......-- 16 el NOS... 4d. | High wall blown down wrecking garage and | Herald Tribune (New York, 
auto. Several persons injured. 
Lexington, Mich. (near) Squall. A man in small boat swept out into Lake Huron.| Official, U. 8. Weather Bu- 
Blytheville, Ark. ..........-. 26 | 2:30 p. m.. 33 $4,000 | Small tornado-.....' Beane small buildings destroyed. Path 10 miles. Do. 
long. 
Charlotte, Tenn. (near).....- 5, 400 |. over path 6 miles long; 3 per-|. Do. 
sons 
Bee Branch, Ark_..........-- ROOD, Heavy hail_.....-. Very large stones; windows broken in places. Do. 
Tropical disturb- | Much in various sections by wind and | Official, U. 8S. Weather Bu- 
/ ance. rain; public utilities hampered; a number of reau; Tribune Een on 
injured. Storm continued into Telegraph (Tampa, 
ber. Fla.). 
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STORMS AND WEATHER WARNINGS | 
WASHINGTON FORECAST DISTRICT 


On the morning of the 3d, northwest storm warnings 
were ordered from Atlantic City to Boston and warning 
was given in radio bulletins that winds would be strong, 
reaching gale force at times, off the Middle and Nort 
Atlantic coast. Strong winds occurred along the coast 
and severe gales off the coast between Bermuda and 
Nantucket. 

Storm warnings were ordered on the evening of the 
5th from Atlantic City to Eastport in anticipation of the 
disturbance over Hudson Bay increasing in intensity, 
but winds did not reach dangerous proportions and 
warnings were accordingly taken down the following 
morning. 

Warnings were hoisted on the evening of the 7th from 
Atlantic City to Eastport in connection with a dis- 
turbance over Ohio, and strong winds and gales occurred 
over the region indicated. 

On the morning of the 12th, warnings of strong shifting 
winds were disseminated from Jacksonville to Sandy 
Hook and at 4 p. m. warnings of strong winds and gales 
were extended northward to Eastport. Warnings were 
ordered down south of Hatteras the night of the 12th, 
and warnings were continued north of Delaware Break- 
water to Eastport on the 13th and 14th. Winds occurred 
substantially as indicated in the advices. 

Warnings were ordered on the morning of the 15th 
from Wilmington to Boston in connection with a dis- 
turbance over the Lower Lakes and on the evening of 
that day were extended northward to Eastport. On the 
following day warnings were changed to northwest from 
Delaware Breakwater to Eastport, and on the 17th were 
continued from New London, Conn., to Eastport. Strong 
winds and gales occurred as forecast. 

On the 21st storm warnings were hoisted from Hatteras 
to Eastport, but winds were only fresh to strong and did 
not reach gale velocities. 

In connection with a disturbance over western Pennsy]- 
vania, warnings for strong, shifting winds were ordered 
on the 27th from Sandy Hook to Eastport and strong 
winds occurred substantially as indicated. 

At 3 p. m. on the 30th, storm warnings were issued from 
Punta Gorda to Jacksonville, Fla., in connection with 
a disturbance of tropical origin central slightly west or 
northwest of the Tortugas. The dleturbesce moved 
northeastward with increased intensity across the Florida 
Peninsula, passing near and south of Tampa. It was 
attended by heavy rains, especially in the right front 
yore: a fall of 14.08 inches occurring at Miami. Fla. 

discussion of the subsequent movement and warnings 
issued in connection with this disturbance will be found 
in the next issue of the Montaty WeatHER Review. 

On the 23d, norther warnings were sent to the chief 
hydrographer, Canal Zone, and fresh to strong north and 
northwest winds were indicated for the Caribbean. In 
his letter the chief hydrographer indicates that the wind 
occurred as stated in the advices. 

In this connection the pilot-balloon run of November 
24 at Kingston, Jamaica, is so interesting that it is given 
here: Surface—N—10 m s; 250m—N—16 m a: 
500m— N—6 m p s; 750m—ESE—1 m ps; 1,000m—E— 
4m ps; 1,500m—SE—2m ps. It will be noted that the 
northerly current extended up to 500 meters. 

Frost and freezing temperature warnings were issued 
for portions of the east Gulf and south Atlantic States, 
on the 8th, 9th, 15th, 17th, 20th, 21st, 22d, 23d, and 
28th.—R. H. Weightman. 
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CHICAGO FORECAST DISTRICT 


The weather in the Chicago forecast district during 
the month of November was rather variable, especially 
in the eastern portion. The mean temperature was 
below the average from the Mississippi Valley eastward 
and in most of Wyoming, and above in the balance of the 
district. 

The total precipitation was below the normal, except 
in small scattered areas. The largest excesses were in 
the Ohio Valley and thence westward across the southern 
portions of Missouri and Kansas, due to the fact that the 
most important storms passed east-northeastward across 
the southern portion of the forecast district. . 

The principal storms affecting a considerable portion 
of the district were as follows: 

1. Disturbance developing in the far West on the 
1st-2d, the center reaching the Great Lakes by the morn- 
ing of the 5th, attended almost generally by strong winds 
on the Lakes. 

2. Disturbance which developed in the far Southwest, 
passing northeastward across the southern and eastern 
portions of the Chicago district on the 7th and 8th, 
attended by dangerous gales on the lower Lakes and 
rather strong winds on southern Lake Michigan. 

3. A disturbance of apparently minor importance in the 
West, upon reaching the eastern portion of the district on 
the 12th-13th, increased decidedly in intensity. Storm 
me were confined to the lower Lakes and southern Lake 

uron. 

4, A storm which moved from the western plateau east- 
northeastward over the southern portion of the forecast 
district and finally to the St. Lawrence Valley. The at- 
tendant gales in this case also were confined to the lower 
Lakes and southern Lake Huron. 

5. A disturbance which appeared in Manitoba on the 
20th, the center passing southeastward across Lake 
Superior on the 21st. e storm winds which occurred 
in connection with this disturbance were chiefly noted on 
Lake Superior and eastern Lake Michigan. 

Storm warnings were ordered displayed at Lake sta- 
tions at all points threatened well in advance of the ap- 
pearance of these a storms, and so far as known 
no casualties occurred except for the wreck of a barge in 
tow on Lake Superior on November 5. The towline 
broke, and the boat foundered, with the loss of the entire 
crew, consisting of six men and one woman. : 

No general cold-wave warnings were issued, but advices 
were limited to warnings on the 7th for the eastern por- 
tion of the forecast district and the 26th-27th from the 
Great Plains eastward across the upper Mississippi Valley 
and northern Lake region, decided. falls in temperature 
following the passage of the barometric disturbances east- 
ward across the district. 

Special advices were sent to the Wenatchee Valley 
Traffic Association, Wenatchee, Wash., and other fruit- 
shipping interests in that section on each Monday morn- 
ing during the month, covering the temperature condi- 
tions for the ensuing week; and it is believed that every 
one of these forecasts was fully verified, and that the ship- 
pers were enabled to arrange for the transfer of the crops 
eastward in a satisfactory manner. A : 

From time to time special advices are furnished in 
connection with the protection of some project. An m- 
stance of this character is the special forecast sent to 
Alpena, Mich., on the morning of November 19, 
‘‘Weather conditions now favorable for dredging outfit 
to proceed from Harbor Beach to Alpena. Moc erately 
westerly winds and mostly fair weather indicated. 


“ae 

y 

F. * 

x 

a 

‘ 

( 
} 
r 
1s 

le 

81 
is 
al 

th 

A 

; 

of 
for 
ms 

ple 
8Ca 
ov 
for 
8th 
Fr 
ex 

Ove 
18¢ 
£10) 

tim 
a eye! 
1 
~ 


1925 


This was in response to correspondence indicating that 
a dredging outfit, valued at $1,000,000, wished to proceed 
on Lake Huron from Harbor Beach to Alpena, moving at 
the rate of 6 miles an hour. November 19 was the first 
day following the ee of the request when weather 
conditions appeared to be ah “pte, and the advice was 
accordingly sent to Alpena.—AH. J. Coz. 


NEW ORLEANS FORECAST DISTRICT 


‘Moderate weather conditions prevailed during the 
month. Warnings for freezing weather were issued for 
the northern portion of the district on the 5th, 8th, 15th, 
19th, and 27th, and warnings for frost to the coast were 
issued on the 8th, 15th, 16th, and 20th; freezing and 
frosts occurred in the areas covered by these warnings. 

Cold-wave warnings were issued on the morning of the 
7th for Oklahoma and Arkansas and repeated in the 
evening for Arkansas; subsequent conditions justified 
the warnings. 

Small craft warnings were displayed on parts of the 
Texas coast on the 5th, 14th, 19th, and 22d. No general 
storm occurred without warning. ‘‘ Norther” warni 
was issued for Tampico, Mexico, on the 19th, and 
justified by subsequent conditions.—J. M. Cline. 


DENVER FORECAST DISTRICT 


Precipitation over considerable portions of the district 
attended disturbances which advanced eastward from 
California or the southern portion of the Rocky Mountain 
Plateau during the 1st-4th, 12th-13th and the 23d-24th. 
Heavy snow in southeastern and extreme eastern Colo- 
rado on the 6th and 7th resulted from a moderate low 
which was central over western New Mexico and eastern 
Arizona on the morning of the 6th but which increased 
rapidly in intensity during the day. 

o general cold waves occurred and no warnings were 
issued. Falls in temperature sufficient to amount to 
local cold waves were noted at Flagstaff, Ariz., on the 
8th and at Durango, Colo., on the morning of the 15th. 

Frost warnings which were generally verified were 
issued as follows: For south-central Arizona, on the 5th 
and 16th; south-central and southeastern Arizona, on 
the 6th, 7th, 8th, 9th, 11th, 12th, 13th, and 14th; southern 
Arizona, on the 15th, 17th, and 18th.—J. M. Sherier. . 


SAN FRANCISCO FORECAST DISTRICT 


The month opened with a disturbance in the process 
of formation over the plateau region, another already 
formed and moving eastward over British Columbia 
and an area of high barometric pressure of considerable 
magnitude over the Northeast. Pacific Ocean. The 
plateau disturbance moved slowly eastward attended by 
scattered rains in this forecast district until the 4th, 
when it passed beyond the Rocky Mountains, and the 

ressure rose decidedly, the weather cleared and much 
ower temperatures overspread practically the -entire 
forecast district, attended by frosts by the morning of the 
8th as far south as the interior of southern California. 
Frosts were forecast from day to day.in advance of their 
expected occurrence. 
ollowing the 6th the barometer became quite low 
over the Gulf of Alaska and it remained so until the 
18th, when the widespread disturbance in that re- 
gion lost intensity and disappeared. In the mean- 
time what seemed to be secondaries of this primary 
cyclone, moved onto the coast north of the mouth of the 
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Columbia River and in every instance these were at- 
tended by oe in pressure, gales and rains on the 
north coast. ese were covered by the forecasts and 
warnings issued from the district forecast center. These 
changes, however, did not extend south of the north 

rtion of northern California, for in southern Cali- 
ornia the weather remained fair and cool with light, 
local frosts in the interior. 

‘The highest wind that occurred in connection with the 
disturbances on the north coast was on the 15th, when 
a velocity of 92 miles an hour from the south was re- 
corded at North Head, Washington. 

After the 18th, the pressure again fell, over and south of 
the Aleutian Islands, This disturbance advanced east- 
ward, attended by gales over the northern part of the 
ocean. In fact, from this time on, the weather was stormy 
generally over the northeast Pacific Ocean, but relatively 
quiet over this forecast district, the exception being 
a disturbance of minor intensity which formed off the 
southern coast on the 23d and during the following 36 
hours caused heavy local rains in southern California. 
During the last decade of the month a disturbance which 
first appeared north of the Hawaiian Islands advanced 
slowly eastward and at the close of the month its center 
was still off the California coast. It was seven days in 
moving from west longitude 165° to a position off the 
California coast, the center at all times being south of 
latitude 40°. This disturbance gave general rains at the 
close of the month throughout practically the entire 
forecast district. Announcements telling of the presence 
of this disturbance off the coast and the likelihood of its 
causing rains were issued from the forecast center well 
in advance of the occurrence of the rain. 

The month was one notable for the number of dis- 
turbances over the high latitudes of the Pacific Ocean. 
Nearly all of these gave pressures well below 29 inches, 
and two of them gave pressures below 28.50 inches. 
Unquestionably the month was marked by heavy and 
frequent gales on the trans-Pacific steamer routes. 
Advices concerning the pressure, weather and wind 
conditions over the ocean were disseminated twice each 
day through the Navy radio stations on the Pacific coast 
for the benefit of shipping.—EZ. H. Bowie. 


RIVERS AND FLOODS 
By H. C. FrANKENFIELD 


As will be noted in the table following this report, 
widely scattered rises—of short duration for the most 

art—occurred in the Middle West and South during 

ovember. They were in the main well forecast and the 
lossess resulting unavoidable. The following table, 
which is necessarily incomplete, gives for the more im- 
portant cases the sl losses as well as the savings 
resulting from Weather Bureau flood warnings: 


District | 
10 
crops) warnings 
Houston, Tex $55,650 | $67, 500 
Terre Haute, Ind 13, 000 25, 000 
Vicks Miss 000 
1 Not reported. 


In the Houston, Tex., district the value of the flood 
forecasts was*greatly increased by the use of radio as an 
additional method of dissemination. The official in 
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charge of the Weather Bureau office at that station re- 
ports that much favorable comment regarding this 
service was received. 

In this connection it is well to add that the subject of 
radio dissemination of river forecasts and warnings is 
receiving increased attention, and daily reports are issued 
from Pittsburgh, Pa., Cincinnati, Ohio, and St. Louis, 
Mo. These daily reports include a bulletin giving the 
stages of the rivers at many points, the amount of pre- 
cipitation, the daily river and weather forecasts, and a 
general summary of weather conditions. Flood warnings 
are of course broadcast from the above stations. From a 
few others also radio flood warnings are issued, a service 
which quite probably will be extended to other stations 
in the near future. 


Flood 
River Station stage 
From—| To—| Stage | Date 
ATLANTIC DRAINAGE 
Feet Feet 
Pelzer, 8. 7 14 14 7.4 14 
EAST GULF DRAINAGE 
4, Demopo- 39 13 43.3 17 
a. 
MISSISSIPPI DRAINAGE 
‘Tuscarawas............. Gnadenhuti QOhio_. 9.0 14 
Tippecanoe... .......-- orway, Ind........-. 1 
2 2 6.2 B 
White, West Fork.._... Anderson, Ind......-.- 12 14 12.2 14 
Elliston, 19 15| 214 18 
wardsport, Ind_.... 15 10 21; 18.2 19-20 
ncific, 8 11 | 148 10 
Valley Park, Mo...... 14 | 17.5 10 
Bourbeuse.............- Union, Mo..........-. 10 g 10; 13.2 10 
Williamsville, Mo....-| 11 9 11.2 
Poplar Bluff, 14 9 10| 15.4 10 
Corning, Ark.......... ll 2) 13.2] Oct. 20 
8; @) 13.1 | Nov. 15 
Black Rock, Ark.....- 14 & 16 | 17.5 
Patterson, Ark__...... 9 10.5} Oct. 22 
12 20; Nov. 15 
Swan Lake, Miss__._.- 25 12 29 | 26.4 20-21 
WEST GULF DRAINAGE 
2 ll 13} 26.0 12 
Bon Weir, 20 8 9! 2.3 9 
Liberty, Tex.........- 25 18 |} 27.3 12-14 
Little River, Tex...._- 360 7 7/ 420 7 
1 Continued from last month. 
? Continued at end of month. 


MEAN LAKE LEVELS DURING NOVEMBER, 1925 
By Unrrep States Laxe Survey 


{Detroit, Mich., Dec. 5, 1925] 


The following data are reported in the Notice to 
Mariners of the above date: 


Lakes ! 
Data Michi- 
Superior | gan and Erie Ontario 
Huron 
Mean level during November, 1925: Feet Feet Feet Feet 
Above mean sea level at New York.....-. 601. 11 577. 68 570. 45 244. 31 
Above or below— 
Mean stage of October, 1925.........; -—0.27 —0. 21 —0. 08 —0. 01 
Mean stage of November, 1924....... —0. 60 —1.09 —0. 61 —0. 64 
Average stage for November last 10 
—1.30 —2.33 —1L31 —1. 08 
Highest recorded November stage-..| -—2.40 —5. 24 —3. 22 —3. 51 
Lowest recorded November stage - - -. —0. 39 —1.09 —0. 25 +0. 90 
A e departure (since 1860) of November 
from October level... —0.17 —0, 27 —0. 25 —0. 25 


1 Lake St. Clair’s level: In November, 1925, 573.06 feet. 
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EFFECT OF WEATHER ON CROPS AND FARMING 
OPERATIONS, NOVEMBER, 1925 


By J. B. 


General. summary.—From. the Valley east- 
ward November was moderately cool and generally wet, 
except that less than the normal amount of rainfall 
occurred in some Atlantic coast districts. The tempera- 
ture over this area averaged slightly below normal, the 
deficiencies in nearly all cases being 1° or 2°. The rain- 
fall was heavy in much of the area, particularly in parts 
of the Southeast where, locally, more than six times the 
normal precipitation was received. Generally from the 
lower Mississippi Valley northeastward precipitation 
ranged from 110 to 170 per cent of the monthly normal. 

In the area between the Mississippi Valley and Rocky 
Mountains the month was somewhat warmer than normal 
in most sections, the mean temperature of the northern 
Great Plains being from 3° to 5° above the seasonal 
average. In most of the southern half of this area there 
was an excess in precipitation, but in the northern half 
it was mostly deficient, some stations reporting only 14 
to 20 per cent of the seasonal average. In the central 
Rocky Mountains normal warmth prevailed with heavy 
precipitation, while to the westward the temperature 
averaged near normal, and precipitation was mostly 
light. The month was especially in the Southwest 
and in most Pacific districts, with some stations report- 
ing, an inappreciable amount of rainfall. 

nowfall was unusually heavy for so early in the season 
in the cehtral Rocky Mountain area and in the western 
Lake region, the totals being as much as a foot or more in 
some sections. In the interior of the Northeastern States 
some stations reported from 6 to 9 inches of snow, while a 
trace occurred as far south as central Tennessee. In 
the trans-Mississippi States, the extreme northern por- 
tions of Arkansas and Oklahoma represent the suitheh 
limit of ‘snowfall. Because of the continued rainy or 
snowy weather, the month was generally unfavorable for 
seasonal farm operations in most sections from the Missis- 
sippi Valley eastward. It was especially unfavorable for 
the seeding of fall grains, but in the South the last half of 
the month was more favorable for picking and ginning 
cotton. 

Small grains.—Early sown wheat made good progress 
all the in all and at the end was 
ing some pasturage in Oklahoma and Kansas, though less 
than usual. Later sowings germinated slowly, but gen- 
erally came up to a good stand. Because of wet weather 
considerable acreage was abandoned in many sections 0 
the Ohio and Mississippi Valleys. In the upper Lake 
region wheat was well protected 1 by snow at the end of 
the month, but in portions of the west coast region was 
needing rain. Buckwheat threshing was delayed by rain, 
but was practically finished by the end of the month. 
Harvesting and threshing rice was also delayed con- 
siderably by wet weather, but on the whole made fair 
progress. 

orn.—Because of previous wet weather, conditions 
were unfavorable for gathering corn during the early 
art of the month, the fields being muddy and the grain 
aving too large a moisture content. ere was con- 
siderable complaint of corn molding in the shock and 
heating in the crib. Conditions gradually improved, and 
during the latter part of the month, husking and cribbing 
made good progress, except that they again became 
unfavorable in Iowa at the very last. 

Cotton.—The first two weeks were unfavorable for 

gathering cotton. There was considerable lowering 
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grade and damage by rain in sections, and, in the 
extreme northwestern portion of the belt, some damage 
by freezing. During the last half of the month conditions 
were much better. Picking and ginning progressed rap- 
idly, and, at the end of the month, seeking was prac- 
tically completed, except in the lowlands of Arkansas 
where there was much stained and low-grade cotton 
unpicked, and, in Tennessee and North Carolina, where 
there was still considerable cotton in the fields. 
Fruit.—During the first week apples were badly dam- 
ed by the freeze in the Ohio Valley and New York. 
nditions were generally favorable for the coloring and 
maturing of citrus fruits in all producing sections. 
Miscellaneous crops.—The freeze during the first week 
did considerable damage to undug potatoes and delayed 
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the digging of sugar beets from the Lake region west to 
the Rockies. This work was resumed later under more 
favorable conditions and, by the end of the month, was 
practically completed. Some truck was damaged by 
rost in the Gulf States, but truck generally made good 
progress in the Southern and west coast States. The 


sugar content of cane improved somewhat in Louisiana 


but is still low. Stripping tobacco made good progress 
in the Ohio Valley aad eastward. The western ranges 
were generally in good condition throughout the month 
except in a few localities. In the Plains region and the 
Southeast, pastures that were damaged by the freeze 
were supplemented by fall-sown grains. In general 


livestock is in good to excellent condition everywhere 


at the end of the month. 


CLIMATOLOGICAL TABLES' 
CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, with 
dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by 


the several headings. 


The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and the 
greatest and least monthly amounts are found by using all trustworthy records available. 
The mean departures from normal temperatures and precipitation are based only on records from stations that 


have 10 or more years of observations. 


course, the number of such records is smaller than the total number of 


stations. 
Condensed climatological summary of temperature and precipiia:ion by sections, November, 1925 
Temperature Precipitation 
=| Monthly extremes a. Greatest monthly Least monthly 
Section 
> 
E Station i Station : 3 Bz Station : Station 3 
oO 
SF | SR oF. In In. In. In. 
52.9 | —1.6 | 2stations...........|. 82 37 94 || 4.49 | +1.40 Robertsdale.........| 8.14 
Alaska (October) ..... 40.4 | +5.1 68 5 31 || 821 | 22 | Fort Yukon......... 0.31 
50.0 | —1.7 Gila Bend...........| 89 1 8 || 071 | —0.38 Ranger; 3.41 | Gila Bend...........| 0.00 
tation, 
Arkansas .-......- 50.4 | —1L.1 12 225 || 5.67 | +2.10 | Huttig.............. 14.41 | 1. 04 
California. ........... 61.3 | —L1 1 5 || 1.76 | —0.70 | Upper Mattole_..... 9.19 | 2 0. 00 
32.7 | —2.2 1 8 || 0.04 06 | Cuchara Camp...... . 70 | Buena Vista. 0. 07 
64.5 | —0.7 21 24 || 4.09 17.72 | Lake City.....- 0.79 
§2.3 | —2.4 26 24 || 4.36 | +1.71 | Clayton............. 6.86 | Brunswick.........- 1.88 
72.1 | +0.7 21 227 || 6.28 | —2.88 | Honokohau Ridge --| 45.00 | Waiawa_...........- 0. 00 
35.1 | +0.5 1 23 || 1.26 | —0.68 | Prichard..........-- 2.90 | Salmon............. 0. 01 
39.8 | —2.1 12 8 || 3.12 | +0.72 | MeLeansboro---._... 6.70 |} Marengo............ 0. 82 
40.2 | —1.9 7 29 || 4.48 | +1.42 | 7.02 | Collegeville. ........ 1, 59 
36.1 | —0.5 21 8 || 0.71 | —0.85 | Maquoketa.--.....- 2.30 | Creston....-..2...-. 0. 05 
42.5 | —1.6 34 8 || 1.47 | +0.31 | 4.26 | Oberlin. ............ 0. 16 
44.9) -1.4 27 24 || 5.15 | +1.62 | Mount Sterling._.-_- 7.42 | Pikeville............ 3. 34 
57.9 | —1.0 | Schriever._...- 86; 75 23 || 5.50 | +2, 01 1.34 
43.2 | —1.4 | Millsboro, 74 15 21 || 3.10 | +0. 57 Solomons, Md-.-.... 2. 22 
34.7 | —1.5 | 2stations_..........-. 67 21 29 || 2.07 | —0.41 St. James_........_. 0. 30 
29.5 | —0.5 | 2 stations............ 67 20 28 || 0.78 | —0.32 Wadena_...........-. 0. 08 
ississippi__......... 53.8 | —1.4 | Columbia........... 85 7 23 || 5.62 | +2. 26 Poplarville.......... 1.91 
issou 42.8 | —1.7 | 80 26 8 2 +0. 64 Conception... ....-- 0. 40 
33.2 | +1.2 70 219 6 || 0. —0. 59 2 stations............ 0. 00 
38.0 | +13 80 1 8 || 0.29 | —0.45 Sstations............ 
38.9 | —1.3 80 1 22 | 0.56 | —0.02 2 stations...._......- 0. 00 
: 37.3 | +0.4 68 27 30 || 3.65 | +0. 42 Waterbury, Conn...| 1.62 
42.0 | —1.1 -| 76 15 1 || 3.40 | +0.33 pan New Brunswick.....| 2.48 
40.9 | —1.6 85 14 15 || 0.32 | =0.29 | Taos Canyon. .--._--- 2.19 | 24 stations........... 0. 00 
37.6 | +0.1 | Sharon Springs No.2| 67 22 29 || 3.62 | +0.83 | High Market__...... . 24 | West Point......... 1. 01 
47.9 | —1.6 | Rockingham -....... 80 7 0 24 || 3.27 | +0.80 | Rock House_...._-.- .81 | Durham-........... 1.37 
28.8 | +2.2 | New Salem-.-........ 69 ll PETE AE —17 7 || 0.25 | —0.33 | MeLeod...-........ 1.09 | 2stations............ 0. 00 
39.6 | —2.0 | Portsmouth......... 69 8 | Bellefontaine........ 10 9 || 4.06 | +1,42 | Kings Mills......... 7. 84 | Findlay............. 2.41 
48.9 | —1.9 | 81 12 15 22 || 2°11 | +0.06 | Broken 3.95 Kenton. .........-.. 0.41 
41.6 | —0.1 | ] 1 | Harney Branch Ex-}| 5 5 || 3.05 | —1.20 | Mapleton..........- 0. 04 
Station. 
39.5 | —1.5 | Uniontown.......... 71 15 est Bingham... .- 4 29 || 3.56 | +0.89 1.50 
76.2 | —0.5 | 95| 21) 2stations............ 56 | 224 || 7.35 | +0.14 2. 09 
50.4 | —3.3 82| 27) Caesar’s Head ...... 15 24 || 3.81 | +1.52 2.00 
34.2 | +0.6 70 | 220} Eureka.............. —7| 17 0.44] —0.26 0. 00 
47.2 | —1.2 76 | 213 | 2 stations............ 9 24 || 4.78 | +1. 40 1. 61 
65.8 93 | 212 10 16 || 2.75 | +0.41 0.00 
36. 1 9 75 1 | Woodruff. .......... —20 14 || 1.06 | +0. 06 0. 02 
44.8) —1.5 78 8 | Burkes Garden......;} 3 24 || 2.47 | +0.01 0. 92 
39.2 | —0.5 68 18 | Snyders Ranch......} 4 23 || 3.38 | —1.40 0. 42 
40.6 | —2.4 78 4 6 1 || 3.66 | +1.05 0. 65 
32.1) —1.6 66 20 228 || 0.99 | —0.80 0. 27 
30.8 | —L3 68 22 20 || 0.57 | —0.10 0. 00 


1 For description of tables and charts, see REVIEW, January, 1925, p. 42. 


2 Other dates also. 


= 
af 
> 
He 
~ 
a 
‘ 
2 
Ve 


- 
si 
sf 
= a “eq RASS 
Es | 8 | 


= 
= 
“hy 
ks 


_ Temperature of the air 
2 


2 
Tred 
| 


Condensed climatological summary of temperature and precipitation of sections, November, 1926—Continued 
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TABLE 2.—Data furnished by the Canadian Meteorological Service, November, 1925 
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